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ABSTRACT 
This study explored the influence of teachers' authentic scientific research 
experiences (ASREs) on teachers' conceptions of the nature of science (NOS) and 
teachers' NOS instruction. Twelve high school biology teachers participated in 
this study. Six of the participants had authentic scientific research experience 
(ASRE) and six had not participated in authentic scientific research. Data 
included background surveys, modified Views of the Nature of Science (VNOS) 
questionnaires, interviews, and teaching observations. Data was coded based on 
the eight NOS understandings outlined in 2013 in the Next Generation Science 
Standards (NGSS). Evidence from this study indicates participating in authentic 
scientific research as a member of a scientific community has dual benefits of 
enabling high school science teachers with informed understandings of the NOS 
and positioning them to teach with the NOS. However, these benefits do not 
always result from an ASRE. If the nature of the ASRE is limited, then it may 
limit teachers' NOS understandings and their NOS teaching practices. The 
results of this study suggest that participation in ASREs may be one way to 
improve teachers' NOS understandings and teaching practices if the experiences 
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themselves offer a comprehensive view of the NOS. Because ASREs and other 
science learning experiences do not always offer such experiences, pre-service 
teacher education and professional development opportunities may engage 
science teachers in two ways: (1) becoming part of a scientific community may 
enable them to teach with NOS and (2) being reflective about what being a 
scientist means may improve teachers' NOS understandings and better position 
them to teach about NOS. 
Keywords: nature of science, authentic scientific research experiences, Next 
Generation Science Standards, teaching about NOS, teaching with NOS 
vi 
Table of Contents 
LIST OF TABLES VIII 
LIST OF FIGURES IX 
CHAPTER ONE 1 
CHAPTER TWO 7 
CHAPTER THREE 22 
CHAPTER FOUR 40 
CHAPTER FIVE 159 
APPENDICES 168 
REFERENCES 187 
vii 
List of Tables 
Table 1: Demographics of Participants' Schools 24 
Table 2: Background Information for Participants with ASRE 25 
Table 3: Background Information for Participants without ASRE 26 
Table 4: AJ's NOS Understandings 45 
Table 5: Dot's NOS Understandings 59 
Table 6: Elyse's NOS Understandings 69 
Table 7: Iris' NOS Understandings 77 
Table 8: Zoe's NOS Understandings 87 
Table 9: Sue's NOS Understandings 95 
Table 10: Ava's NOS Understandings 103 
Table 11: Meg's NOS Understandings 112 
Table 12: Nikki's NOS Understandings 123 
Table 13: Polly's NOS Understandings 131 
Table 14: Todd's NOS Understandings 135 
Table 15: Mel's NOS Understandings 140 
Table 16: Teachers' views of science is empirical 151 
Table 17: Teachers' views of science is a way of knowing 152 
Table 18: Teachers' views of the tentative nature of science 153 
Table 19: Teachers' views of science uses a variety of methods 154 
Table 20: Teachers' views of science as a human endeavor 155 
Table 21: Research, NOS understandings, & teaching practices 164 
viii 
List of Figures 
Figure 1: Ratings of NOS understanding: teachers with & without ASRE 160 
ix 
CHAPTER ONE 
Statement of the Problem 
The preparation of scientifically literate students is a major objective of K-
12 science education (American Academy for the Advancement of Science 
[AAAS], 1990, 1993; National Research Council [NRC], 1996; National Science 
Teachers Association [NSTA], 1992). "Scientific literacy" typically encompasses 
understanding scientific concepts, the process of scientific inquiry, the necessary 
skills used to develop scientific knowledge, and the interrelatedness between 
science and individuals' everyday life (Bybee, 1997; Abd-El-Khalick, 1997). This 
objective is important because scientifically literate individuals are better 
equipped to make informed decisions about personal and economic well-being 
(AAAS, 1990; Laugksch, 2000). 
A critical component of scientific literacy is an adequate understanding of 
the nature of science (NOS) (AAAS, 1993; NRC, 1996; NSTA, 1992; Clough, 2011; 
Next Generation Science Standards [NGSS], 2013). The phrase NOS is commonly 
used to describe the values and beliefs inherent in the development of scientific 
knowledge (Lederman, 1992; McComas et al., 1998). This includes understanding 
that science is the pursuit of explanations about the natural world performed by 
humans who have a need to know and understand the world around them. 
Science is a human endeavor that is driven by the needs, curiosities, and 
aspirations of humans (NGSS, 2013). Understanding the NOS complements but 
is distinct from engaging in scientific inquiry, which is used in investigations, 
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field studies, and experiments (NGSS, 2013). While simply possessing an 
adequate understanding of the NOS does not necessarily mean a teacher will 
accurately and effectively translate his or her knowledge into NOS teaching 
practices (Lederman, 1992; Bell et al., 2000), possessing an adequate 
understanding of the NOS is a necessary component of being able to teach it 
(Abd-El-Khalick & Lederman, 2000). 
Science literacy is a critical issue in the United States (NGSS, 2013). 
Despite understanding that the NOS is a prerequisite of scientific literacy, studies 
consistently show that teachers lack complete understandings of the NOS and 
may not know how to accurately and effectively teach it (Lederman, 1992, 1997; 
Abd-El-Khalick & Lederman, 2000; Clough, 2006; Schwartz et al., 2010). Because 
of the relationship between scientific literacy and the NOS, research aimed at 
clarifying what types of learning opportunities (1) help improve teachers' NOS 
understandings and (2) NOS teaching practices is needed. 
Research Foundation 
Teachers' lack of deep and accurate NOS understandings and their failure 
to teach it may be due to not having participated in authentic scientific research 
experiences (ASREs) (Kelly, 2000; Windschtl, 2004; Schwartz et al., 2010; Abd-El-
Khalick, 2012). According to the AAAS (1989), ASREs consist of: 
• 
• 
• 
asking scientific questions based on research, 
designing experimental protocols, 
analyzing data, 
• presenting results, 
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• collaborating with other researchers (AAAS, 1989). 
Participation in authentic scientific research immerses individuals in the culture 
of science (Schwartz et al., 2010). Participation in ASREs can be thought of as an 
apprenticeship in a scientific community such that ASREs may provide a context 
for developing science teachers' NOS understandings (Schwartz et al., 2010). 
Support for participation of preservice and in-service teachers in 
authentic, immersive scientific research programs is growing. A relatively small 
body of literature involving teachers in apprenticing research groups has shown 
participation in such opportunities can help teachers develop deeper and more 
robust NOS understandings (Schwartz et al., 2010; Herman et al., 2013). 
However, the role of the research opportunity itself on teachers' NOS 
understandings and NOS teaching practices is not understood. Knowing this 
may provide insight into the factors that contribute to teachers' NOS 
understandings and NOS teaching. In turn, this information may be used to 
inform effective teacher preparation. 
Purpose of the Study 
To understand the influence of ASREs on teachers' NOS understandings 
and on teaching the NOS, I investigated high school biology teachers with and 
without ASRE. I sought to answer the following questions: 
1. What influence, if any, does ASRE have on teachers' NOS 
understandings? 
2. What do teachers with and without authentic scientific research 
experience teach about the NOS? 
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3. How do teacher with and without ASRE link their NOS understandings to 
their teaching practices? 
Definition of Terms 
Authentic scientific research experiences (ASREs) are scientific research experiences 
that require any individual to: (1) come up with and test hypotheses; (2) develop 
an experimental or descriptive research design; (3) obtain evidence by making 
observations and taking measurements in situations that range from natural to 
contrived settings; (4) analyze data using both logic and creative insight; and (5) 
explain the findings based upon data derived from observations (AAAS, 1993). 
Nature of Science (NOS) is the epistemology of science underlying the practices 
imbedded in investigations, field studies, and experiments; the values and beliefs 
inherent to the scientific enterprise in the development of scientific knowledge 
(McComas et al., 1998). 
NOS Understandings are eight basic understandings about the nature of science 
included in the Next Generation Science Standards (NGSS, 2013) that students 
should be learning in class. They are: 
• Scientific investigations use a variety of methods. 
• Scientific knowledge is based on empirical evidence. 
• Scientific knowledge is open to revision in light of new evidence. 
• Scientific models, laws, mechanisms, and theories explain natural 
phenomena. 
• Science is a way of knowing. 
• Scientific knowledge assumes order and consistency in natural systems. 
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• Science is a human endeavor. 
• Science addresses questions about the natural and material world. 
Science teachers with ASRE are individuals who held a research-oriented role in 
the scientific community that met all of the criteria of an authentic scientific 
research experience as defined by the AAAS (1993). In this study, these 
individuals held such positions for at least one year, and are now teaching 
biology at the high school level. 
Teaching about NOS is instruction aimed at helping learners develop informed 
epistemological understandings about the generation and validation of scientific 
knowledge, and the nature of the knowledge (Abd-El-Khalick, 2012). Although 
this does not suggest any specific instructional practice, it does necessitate the 
use of an explicit-reflective approach, which means the teacher makes the NOS a 
learning objective and the learners are asked to reflect on their science learning 
experiences around issues related to authentic scientific practice. 
Teaching with NOS entails enacting inquiry learning environments that 
approximate authentic scientific practice (Abd-El-Khalick, 2012). Examples of 
this include: structuring inquiry experiences around student interests and 
guiding questions, which have relevance to students; allowing open-ended 
investigation of ideas without the need to reach predetermined conclusions; 
creating opportunities for the collection, interpretation, critique, and revision of 
data; making student inquiries communal. 
Traditionally-educated science teachers are individuals who have completed a 
teacher education program at a college I university and I or are licensed to teach 
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science. For the purpose of this study, traditionally-educated science teachers 
have not participated in scientific research experiences that met all of the AAAS' 
(1993) criteria for an ASRE. 
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CHAPTER TWO 
Literature Review 
Nature of Science 
In science education, the term "nature of science" (NOS) typically refers to 
the values and assumptions inherent in the development of scientific knowledge 
(Lederman & Lederman, 2004). The NOS describes the scientific enterprise, 
which is characterized by asking questions about the natural world, investigating 
these questions, collecting data, and analyzing it (NGSS, 2013). It is used to 
distinguish science from other disciplines that also seek explanations for how the 
world operates including philosophy and religion. The NOS describes the 
integration of philosophy, history, sociology, and psychology of science in order 
to understand the origins and development of scientific knowledge (Duschl, 
1994; Lederman & Zeidler, 1987; McComas et al., 1998). 
The NOS is not scientific inquiry or the scientific processes related to 
collecting and analyzing data and drawing conclusions (e.g., observing, 
inferring) (AAAS, 1990, 1993; NRC, 1996). Scientific inquiry entails performing 
an iterative process of "generating hypotheses, collecting evidence, testing 
hypotheses, and reaching evidence based conclusions" to learn more about the 
natural world as opposed to the supernatural (National Institutes of Health 
[NIH], 2005). The NOS is more than processes; it involves the social and cultural 
aspects inherent in the development of scientific knowledge. 
In this study, I defined the NOS as the understandings about the NOS that 
are included in the NGSS (2013). These understandings are: 
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• Science investigations use a variety of methods. 
• Scientific knowledge is based on empirical evidence. 
• Scientific knowledge is open to revision in light of new evidence. 
• Scientific models, laws, mechanisms, and theories explain natural 
phenomena. 
. 
• Science is a way of knowing. 
• Scientific knowledge assumes an order and consistency in natural 
systems. 
• Science is a human endeavor. 
• Science addresses questions about the natural and material world. 
In the following sections, I will provide a definition for each NOS understanding 
along with commonly held misconceptions. 
Science investigations use a variety of methods. There is no one way that 
scientific knowledge is developed. Evidence may be collected through 
observation, experiment, inference, making predictions, historical exploration, 
measurement, science books, artifacts, etc. Teachers commonly teach the 
stepwise process presented in science textbooks as the scientific method. In doing 
so, they portray the misconception that all scientific knowledge is developed 
using the following stepwise process: 1) ask a question, 2) formulate a 
hypothesis, 3) perform an experiment, 4) collect data, 5) draw conclusions. 
Teaching the scientific method conveys the following misconceptions: scientific 
studies follow a rigid, linear procedure; scientists work individually; there is no 
room for creativity in the scientific process; and science concludes. 
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Scientific knowledge is based on empirical evidence. Scientific 
knowledge is empirically based, which means scientists' explanations about the 
natural world must be supported with evidence based on observations about the 
world as opposed to being based on faith, belief, or opinion. 
Teachers who do not fully understand the empirical aspects of the NOS 
may confound empirical evidence with evidence that is not based on direct 
observation or experimentation. For example, referring to the theory of evolution 
as "just a theory" likens scientific theories to educated guesses or opinions rather 
than a substantiated explanation for a phenomenon (Schwartz et al., 2010; 
McComas et al., 1998). 
Scientific knowledge is open to revision in light of new evidence. 
Scientific knowledge is subject to change because it can be falsified; scientific 
theories and laws cannot be completely proven (Popper, 1963). The tentativeness 
of scientific knowledge contributes to scientific progress: (a) scientists build 
upon, elaborate, and revise existing scientific knowledge based on new evidence 
and I or the reinterpretation of existing evidence; (b) new theories, new 
technologies, and new ways of doing scientific research may result in the 
revision of an explanation (NGSS, 2013). 
A major misconception about science that is typically portrayed in science 
education is that scientific knowledge is factual information, which cannot be 
changed. Typically, students participate in confirmatory laboratory 
investigations and rewrite predetermined conclusions. These activities fail to 
portray the tentativeness of scientific knowledge. Rather they present science as 
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having already discovered everything about the natural world and students' job 
is to memorize their findings. 
Scientific models, laws, mechanisms, and theories explain natural 
phenomena. Scientists use a variety of ways to communicate science. For 
example, scientists use models as a way to illustrate, generate explanations, or 
make predictions of natural phenomena (Harrison & Treagust, 2000). Scientific 
modeling involves constructing a model, using the model, evaluating the model, 
and revising models. Engaging in these practices can help students learn about 
the empirical basis of scientific knowledge because models need to be evaluated 
against empirical evidence (Davis et al., 2008). 
A common misconception about this aspect of the NOS is the belief that 
science proceeds from observation to theory. Contrary to this belief, science 
never starts with neutral observations. Understanding the theory-laden nature of 
observation in science can help students learn that science is a human endeavor 
because observation and the interpretation of observations is always influenced 
by scientists' theoretical and disciplinary beliefs and commitments (Abd-El-
Khalick et al., 2008). 
Science is a way of knowing. Science is a way of knowing that is used by 
many people. It distinguishes itself from other ways of knowing based on the use 
of empirical evidence, logical arguments, and skeptical review. As a result, 
scientific knowledge is durable, but subject to change over time. (NGSS, 2013) 
A common misconception is that science is content to be memorized for 
standardized test taking. Understanding that science is a body of knowledge and 
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the processes used to develop and refine that body of knowledge is critical 
because all students are consumers of science and the goal of teaching the NOS is 
scientific literacy (NGSS, 2013). 
Scientific knowledge assumes an order and consistency in natural 
systems. The basic laws of nature are the same everywhere in the universe. 
Anomalies in data are thus carefully considered and evaluated (NGSS, 2013). 
Science is a human endeavor. Science is a product of human activity, 
creativity, and imagination (NGSS, 2013). Science is done in groups, both large 
and small. Scientists are influenced by theoretical commitments, personal beliefs, 
prior knowledge, discipline, training, and experience, which influence the nature 
of their findings. Although scientists strive to remain unbiased in regards to 
interpreting data, this means that different scientists may draw different 
conclusions from the same set of data. 
The development of scientific knowledge requires creativity and 
imagination. In generating hypotheses, new ways to test ideas, looking at data in 
a new light, and generating models, theories, and explanations, scientists draw 
on creative insight and inspiration. 
The misconception around this aspect of the NOS is that the process of 
developing scientific knowledge is completely analytic, rather than involving 
creativity. One reason for this misconception may be how the process of science 
is presented as the stepwise scientific method in the majority of science textbooks 
(Campanile, Lederman & Kampourakis, 2013). In learning that scientists follow a 
universal scientific method, students fail to see any room for creativity. 
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In regard to scientists, the nature and climate in which one is educated in 
science affects the science that is done (Lederman, 2007). Scientific knowledge is 
embedded in the social and cultural climate of the scientific community such that 
scientific knowledge is influenced by cultural contexts including politics, 
socioeconomic factors, philosophy, religion, and social entities such as research 
institutions and funders. 
A common misconception that is related to the social, cultural aspect of 
the NOS is that scientists work alone and therefore scientific knowledge is 
developed by individuals, rather than based on collaborations. Many classrooms 
are organized so students work alone or in groups to share limited resources 
(e.g., laboratory materials). These learning environments do not advance the idea 
that collaborations and the exchange of scientific ideas is also how science builds 
upon prior scientific knowledge. 
Science addresses questions about the natural and material world. Not 
all questions can be answered using science alone. Rather, ethical issues are 
raised by science that involve ethics, social and cultural values, and human 
decisions. Individuals who do not recognize the human aspect of the scientific 
endeavor may fail to understand this aspect of the NOS. 
NOS in Science Education 
The meaning of the NOS in science education has emerged over time. 
During the early 1900s, NOS was synonymous with using science process skills 
(e.g. observing, experimentation, data collection, data analysis) in a standard, 
regimented manner (Abd-El-Khalick & Lederman, 2000). Teachers did n:ot create 
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science learning environments to portray how authentic science is done. 
During the 1960s, there was a shift in how science educators conceived of 
doing science. While science process skills were still emphasized, the new focus 
was on scientific inquiry. Rather than learning that science was done using a 
stepwise scientific method, students learned the diverse ways that scientists use 
to study the natural world and propose explanations using evidence based in 
their investigations. Science teachers were asked to design learning 
environments that better reflected authentic scientific practices. 
It was not until the 1970s that post-Kuhnian philosophy influenced how 
science educators understood the NOS. The characteristics of scientific 
knowledge began to emerge in the science education literature, including 
tentativeness and empirical basis, which differentiate science from other inquiry-
based disciplines. Emphasis was also placed on the social and cultural context of 
scientific discovery (Abd-El-Khalick & Lederman, 2000). During the 1970s, the 
role of the scientific community in the process of science, including the cultural 
norms and expectations, were represented as critical components of the NOS. 
Currently, organizations including the NSTA (1982, 2000), the AAAS 
(1990), and the NRC (1996, 2012) and the NGSS (2013) advocate for the inclusion 
of the NOS in K-12 science education and define elements of the NOS necessary 
for promoting scientific literacy. NSTA Position Statements (1982, 2000) endorse 
the idea that all teachers and students should understand the NOS (NSTA, 2000). 
According to the AAAS (1990), understanding all aspects of the NOS is a critical 
component of science education for promoting scientific literacy (AAAS, 1993; 
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NRC, 1996, 2000; Abd-El-Khalick & Lederman, 2000; Lederman, 2007). The NRC 
acknowledged the importance of the NOS in their publication "A Framework for 
K-12 Science Education: Practices, Cross Cutting Concepts, and Core Ideas" 
(2012). 
There is a strong consensus about characteristics of the scientific 
enterprise that should be understood by an educated citizen. (NRC, 2012, 
p. 78) 
Most recently, the NGSS (2013), which are based on the "Framework for K-12 
Science Education," reflect on the importance of understanding the NOS because 
it is a critical component of scientific literacy: 
One fundamental goal for K-12 science education is a scientifically literate 
person who can understand the nature of scientific knowledge. (Appendix 
H) 
The NGSS (2013) presents the NOS in science education as eight major 
understandings about the NOS. These understandings are: 
• 
• 
• 
• 
• 
• 
Science investigations use a variety of methods . 
Scientific knowledge is based on empirical evidence . 
Scientific knowledge is open to revision in light of new evidence . 
Scientific models, laws, mechanisms, and theories explain natural 
phenomena. 
Science is a way of knowing . 
Scientific knowledge assumes an order and consistency in natural 
systems. 
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• 
• 
Science is a human endeavor . 
Science addresses questions about the natural and material world . 
(Appendix H) 
In summary, the National Science Teachers Association, the American 
Academy for the Advancement of Science, the National Research Council, and 
the Next Generation Science Standards (2013) recommend teaching the NOS to 
help position K-12 students, teachers, and the general citizenry as better 
consumers of science and as informed decision makers when confronted with 
scientific issues. The issue is that science teachers do not hold accurate and 
complete views of the NOS and do not incorporate it into their teaching 
practices. In the following section, I will review literature that explores science 
teachers' understandings of the NOS. 
Teachers' Understandings of the NOS 
Teachers' understandings of the NOS matter because science educators 
and education reform documents have asked teachers to draw upon their 
knowledge about the scientific endeavor in order to accurately portray the NOS 
to students (AAAS, 1990, 1993; NRC, 1996; NSTA, 1982; Abd-El-Khalick & 
Lederman, 2000; NGSS, 2013). 
However, the majority of preservice and practicing K-12 science teachers 
lack complete and accurate understandings of the NOS (Aikenhead, 1973; 
Brickhouse, 1990; Bell, Lederman & Abd-El-Khalick, 1997; Duschl, 1985; 
Lederman, 1992; Abd-El-Khalick & Lederman, 2000; Abd-El-Khalick, 2005; 
Schwartz et al., 2010). This issue has science educators and researchers pursuing 
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effective practices for incorporating NOS as part of teacher education and 
professional development opportunities. Based on research-based 
recommendations (Lederman, 2007) programs have been incorporating science 
research opportunities for teachers. Studies of programs that involve short-term 
science research experiences for both pre-service and in-service science teachers 
have been successful in developing teachers' understanding of the NOS (cited in 
Schwartz, et al., 2010). 
Schwartz et al., (2010) examined the NOS understandings of secondary 
science teachers who participated in ASREs during an eight-week summer 
professional development institute. During these ASREs, teachers posed 
scientific questions, conducted library research, learned laboratory techniques, 
helped design new protocols, analyzed scientific data, and presented research 
results alongside research scientists, graduate students, and laboratory 
technicians. In addition to participating in ASREs, half of the participants 
received explicit instruction about the NOS whereas the other participants only 
participated in scientific research. The teachers who participated in research and 
received explicit instruction demonstrated positive shifts in their NOS 
understandings in comparison to the teachers who did not have explicit 
instruction. Schwartz et al., (2010) believe that all participants would have 
benefited from more opportunities to reflect on their NOS understandings 
during their ASREs. 
In the discussion, Schwartz et al. (2010) speculate that ASRE is a 
prerequisite for teachers' accurate and complete NOS understandings. Their 
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speculation calls into question whether scientific research experience is a 
prerequisite for accurate and effective NOS instruction, as well. 
Teaching the NOS 
A major consideration framing this study is the need to make NOS 
instruction an integrated component of science teaching. Research shows that 
accurately and effectively teaching the NOS promotes: 
• 
• 
• 
• 
• 
• 
an appreciation of science, 
an increased interest in science classes and science careers, 
the willingness to learn about biological evolution, 
a better understanding of the strengths and limitations of science, 
a better understanding of the role of science in decision making, and 
a better understanding of scientific concepts. (Matthews, 1994; McComas 
et al., 1998; Clough, 2011). 
Despite empirical findings that evidence the positive learning outcomes of 
teaching the NOS, research indicates that teachers continue to teach in ways that 
do not promote accurate NOS understandings (Anderson, 2007; cited in Abd-El-
Khalick, 2012) ~ This may be due, in part, to teachers' inaccurate NOS 
understandings (Abd-El-Khalick, 2012). In addition, teachers may not be 
equipped with effective instructional strategies to teach the NOS (Abd-El-
Khalick, 2012). In regard to specific instructional strategies to teach the NOS, it 
was once assumed that science teachers could help students develop NOS 
understandings by simply engaging them in inquiry activities. However, 
empirical studies have shown that participation in inquiry experiences does not 
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necessarily result in informed NOS understandings among science teachers 
(cited in Abd-El-.Khalick, 2012). Rather, empirical research and teacher educators 
support direct NOS instruction and structured opportunities for reflection on 
inquiry experiences to achieve desired NOS understandings (Abd-El-.Khalick, 
2000; .Khishfe & Abd-El-.Khalick, 2002; .Khishfe & LederPlan, 2006; Schwartz et 
al., 2010; Abd-El-Khalick, 2012; Herman, et al., 2013). 
In considering what explicit/ reflective instruction should look like, 
teacher educators provide some guidance. First, Clough (2007, 2011) tells us that 
teachers must value NOS understandings as important such that they plan for 
them and purposively teach them. He suggests that the NOS should be taught 
within the context of every lesson, including "laboratory activities, videos, 
reading assignments, and interactive science content presentations (p. 57)." Abd-
El-Khalick (2012) suggests teaching the NOS using "active, student-centered, 
collaborative, and inquiry-oriented" approaches such as historical case studies. 
Abd-El-.Khalick and Lederman (2000) tell us that teachers should call students' 
attention to targeted aspects of the NOS so that they think deeply about them in 
comparison to if they simply had to memorize and recite the list of 
understandings. Clough (2007, 2011) suggests reframing aspects of the NOS as 
questions to facilitate students' reflection on NOS ideas that have been explicitly 
identified. Finally, Clough (2011a) tells us that NOS learning experiences should 
be based on students' prior understandings of the NOS, which means teachers 
must be able to assess students' understandings of the NOS. 
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In addition to the need for NOS instruction to be explicit and reflective, 
Abd-El-Khalick (2012) argues that promoting deep and accurate NOS 
understandings also demands that teachers must be equipped to teach both with 
and about the NOS. He defines teaching about NOS as instruction aimed at 
enabling students to achieve learning objectives focused on epistemological 
understandings about the generation and validation of scientific knowledge and 
the nature of the resultant knowledge" (p. 4). In comparison, teaching with NOS is 
defined as designing and implementing science learning environments that take 
into consideration these robust epistemological understandings about the 
generation and validation of scientific knowledge" (p. 4). 
Thus, improving teachers NOS understandings would have two benefits: 
1) it would enable teachers to convey to students accurate images of science and 
scientific practice (teaching about NOS) and 2) it would enable teachers to 
structure learning environments that approximate authentic scientific practice 
and implement effective NOS teaching strategies that build on students' 
understanding of how knowledge is generated and validated by scientific 
communities of practice (teaching with NOS). 
Studies that have looked at teachers' NOS teaching practices and the 
factors affecting those practices are rare. Abd-El-Khalick et al. (1998) and Bell et 
al. (2000) looked at the NOS teaching practices of preservice teachers in a fifth-
year (master of arts) MAT program that emphasized NOS teaching practices. 
Only a few of these teachers implemented NOS instruction. Fewer teachers in 
these studies planned for teaching the NOS and/ or assessed their students' prior 
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NOS understandings. Lederman (1999) investigated the NOS teaching practices 
of five experienced inservice teachers none of who explicitly addressed NOS 
despite holding informed NOS understandings. 
Herman et al. (2013) looked at the NOS teaching practices of thirteen 
graduates of a four-year secondary science teacher education program that made 
concerted efforts to promote teachers' NOS understandings and NOS 
instructional practices. The extent that participants implemented NOS 
instruction was associated with the extent they planned to address NOS. 
Teachers who held informed understandings of the NOS were more likely to 
plan for and implement NOS teaching practices. Given the results of the study, 
Herman et al. (2013) propose that "typical teacher education programs that 
require a single methods course are unlikely to result in science teachers who are 
even remotely prepared to implement highly effective NOS instructional 
practices" (p. 294). 
The literature reviewed here clearly suggests that accurate NOS 
understandings are necessary, but insufficient, for teaching the NOS. In other 
words, even when possessing an accurate understanding of NOS, teachers still 
neglect to implement accurate and effective NOS teaching practices. Most of the 
reviewed studies focus on NOS teaching practices of science teachers who have 
completed traditional science teacher education programs. They have not 
considered the NOS understandings and teaching practices of teachers who have 
participated in ASREs prior to teaching science. 
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Science Teachers' Authentic Research Experience 
Authentic scientific research experiences (ASREs) include the following 
five elements: 
• 
• 
• 
coming up with and testing hypotheses 
developing an experimental or descriptive research design 
obtaining evidence by making observations and taking 
measurements 
• analyzing data 
• explaining findings based upon data. (AAAS, 1989) 
Most K-12 science teachers have not participated in scientific research (cited in 
Schwartz et al., 2010). Participation in ASREs may help develop science teachers' 
understandings of the NOS and improve their NOS teaching practices. 
Summary 
Concerns about science teachers' NOS understandings of the NOS and 
NOS teaching practices form the foundation for this study. Despite knowing that 
teachers' instruction influences students' understanding, the majority of NOS 
research has focused on teachers' NOS understandings, rather than their NOS 
teaching practices. 
To address this gap in the literature, I investigated teachers' conceptions 
of the NOS their NOS teaching practices. Additionally, I compared teachers with 
and without ASRE. 
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CHAPTER THREE 
Methodology 
In this qualitative study, I investigated the relationship among teacher 
participants' ASREs, their understandings of the NOS, and what they teach about 
the NOS to answer the following questions: 
4. What influence, if any, does ASRE have on teachers' NOS 
understandings? 
5. What do teachers with and without authentic scientific research 
experience teach about the NOS? 
6. How do teacher with and without ASRE link their NOS understandings to 
their teaching practices? 
To answer the research questions, I used a qualitative research design that 
included 12 case studies. The case study is a specific type of ethnographic 
research characterized as an in-depth and intensive study of an individual or a 
group as an entity, through direct observation, self-reports, interviews or any 
other means (Tesch, 1990). 
Participants 
Teacher participants were selected using a purposeful, voluntary 
sampling procedure (McMillan & Schumacher, 2001). High School science 
teachers who had previously participated in programs at the Museum of Science, 
Boston and Boston University's CityLab program were invited to participate 
along with graduates of Boston University's Science Education programs. 
Additionally, teachers were recruited using social media sites (e.g., Facebook) 
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and word of mouth referrals. Interested teachers completed an online teacher 
background survey that I created to purposefully recruit participants, both with 
and without ASRE, for this study. The survey elicited responses about teachers' 
education backgrounds, research backgrounds, and current teaching 
assignments. Twelve teachers were selected from a pool of sixty-four public high 
school science teachers who completed this survey. Informed consent was 
obtained, and as incentive, participants received a $50.00 stipend for completing 
the study. Each of the participants was randomly assigned a pseudonym. 
The teachers who participated in this study teach in eleven schools. Table 
1 shows the demographics of the teacher participants' schools. 
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Table 1 
Demographics of Participants' Schools 
School AJ Ava Dot Todd Polly Iris Mel/ Meg Nikki Sue Elyse Demogra_ehics Zoe 
District u s R s s s s u u s R Profile* 
Enrolled 356 510 390 1440 1251 1227 2073 500 1521 1301 922 
Grades 6-12 9-12 9-12 9-12 9-12 9-12 9-12 5-12 9-12 9-12 9-12 
AA 65 3 3.4 18.7 4.7 20 9 5.4 1.9 
,......... 
'tf2.. Hisp 26 10 26 9.9 5.7 18 7.9 2 ...__, 
.. 
.. 
.. 
c Wh 4 95 89 67.5 60 84.7 58 56 80 94.9 
...... 
u 
~ As 4 9.7 26 4.5 
~ 
MR 3 
Math 74 83 89 94 66 82 80 71 77 75 96 
C/)t ELA 77 93 97 98 87 90 93 80 83 90 99 <t::Q) 
u 15 
S/T 63 77 89 50 67 81 47 66 54 88 ~~ 61 
SPED 18.1 18 12 17 26 14.7 14.5 18.8 14.5 16.3 14.1 
ELL 6 1 0 .9 2.5 6.7 1 .6 11.6 2.8 .3 
Low Income 68.8 27.6 10 11.6 50 30 29.6 50 45 29.5 4.6 
*District Profile- (U)=Urban; (S)=Suburban; (R)=Rural. ** Test Scores- (ELA)=English; 
(M)=Math; (Sci/Tech)=Science and Technology. The number represented is the percentage 
of students scoring proficient or higher on the 2013 MCAS. ***Ethnicity - (W) =White; (H) = 
Hispanic; (As)= Asian; (AA) =Afro American; (MR) =Multi-racial, non-Hispanic. 
All of the teachers in this study are fully licensed high school science 
teachers in Massachusetts, currently teaching biology. These teachers have 
taught for at least two years. The general consensus is that teachers with two or 
more years of teaching experience are better classroom managers than teachers 
with less experience. According to Lederman (1999), classroom management is 
one factor that can interfere with the interpretation of a teacher's understanding 
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of NOS. By recruiting only teachers with two or more years teaching experience, 
I hoped to limit that factor. 
Six of the teachers in this study have participated in authentic scientific 
research and six have not participated in ASRE. Table 2 and 3 show data that 
was self-reported and collected using the online background survey. Table 2 lists 
the six teachers who have participated in authentic scientific research, their 
education background, and ASRE. Table 2 shows that teachers with ASREs 
earned a graduate degree in science and/ or worked for some period of time as a 
scientist. Table 3 lists the six teachers who have not participated in authentic 
scientific research, their education background, and their professional 
experiences prior to teaching high school science. Table 3 shows that teachers 
with traditional teacher-preparation backgrounds began substitute teaching 
immediately upon completion of undergraduate study or after having some 
career experience unrelated to scientific research. 
Table 2 
Education and Career Backgrounds of Participants With ASRE 
Background 
Education* 
Job(s)** 
AJ 
BS, Bio; 
MS, EBE 
RA 
Dot 
BS, Bio 
Medical 
RA;Drug 
Discovery 
RT 
Iris 
BS, Bio; 
MS, Bio 
NA 
Zoe 
BS, Bio; 
MEd 
RT; 
Ph arm a 
Sales 
Sue 
BS, Bio; 
MS, Gen 
Science 
Outreach 
Educator 
Elyse 
BS, Bio; 
MS, EEB 
NA 
*Education Background- (BS)- Bachelor of Science; (MS) Master of Science; (Bio)- Biology; 
(EBE)- Ecology, Behavior, and Evolution; (Gen)- Genetics; (EEB)- Ecology & Evolutionary 
Biology. 
**Prior Job(s)- (NA)- Not applicable; (RA)- Research Assistant; (RT)- Research 
Technician. 
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Table 3 
Education and Career Background of Teachers Without ASRE 
Background 
Education* 
Ava 
BS, ES; 
MAT 
Todd 
BS, Mgmt 
Polly 
BA, GS; 
MEd 
Mel 
BS, PT; 
MEd 
Meg 
BS, G; 
BA,J;MEd 
Nikki 
BA, Psych; 
Med 
Sub Outdoor Sub Sub Journalist; Embalmer 
Job(s)** Educator Sub 
*Education Background- (BS)- Bachelor of Sciei,lce; (MEd)- Master's of Education; (MAT)-
Master of Arts in Teaching; (ES)- Environmental Science; (Mgmt) -Forestry & Wildlife 
Management; (GS)- General Studies; (PT)- Physical Therapy; (G)- Genetics; (J)-
Journalism; (Psych)- Psychology. 
**Job(s)- (Sub)- Substitute Teacher. 
Data Sources 
To examine teachers' research experiences, their NOS understandings, 
and what they teach about the NOS, four data sources were used. 
Background questionnaire. An on-line background questionnaire was 
used to collect demographic information for each participant in this study 
including: formal education, authentic science research experience(s), and 
teaching experience(s). Additionally, participants were asked to describe any 
science teaching professional development type experiences in which they 
participated. This background information was important because research 
indicates that individuals who have participated in research will have a better 
understanding of NOS compared to those who have not had a research 
experience (Windschitl, 2004). This instrument was used to select participants for 
this study and it was used, with interviews, to examine how the teachers 
acquired their understandings of NOS. 
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Modified Views ofNature Of Science questionnaire. To assess teachers' 
views of the NOS, I used a modified version of the VNOS-C questionnaire (Abd-
El-Khalick, Bell & Lederman, 1998; Lederman et al., 2002). The original version of 
the VNOS-C, which was developed by Abd-El-Khalick (1998) as part of his 
dissertation research, contains ten open-ended questions related to the following 
facets of the NOS: 
• the tentativeness of scientific knowledge, 
• the empirical basis of scientific knowledge, 
• the subjectivity resulting from scientists' background experiences, 
knowledge, and scientific paradigms, 
• the use of human creativity and imagination in the development of 
scientific knowledge, 
• the use of both observation and inference in the development of 
scientific knowledge, 
• the difference between scientific theory and law, 
• that scientific knowledge is socially and culturally embedded, and 
• that there is no one, universal method for doing science (AAAS, 
1989, 1993; NRC, 1996; Lederman, 2002; Lederman, 2007). 
The VNOS-C questionnaire assesses participants' ability to express their 
views of NOS, which may be an important indicator of how they translate their 
views of the NOS in the classroom (Schwartz, Lederman, & Crawford, 2003). 
Other NOS assessment tools have been created but a review of such instruments 
found three main issues (Lederman, Wade, and Bell, 1998; Lederman, Abd-El-
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Khalick, Bell, & Schwartz, 2002). First, the instruments assume only one way of 
thinking about the NOS; researchers presented their views of the NOS, devised 
how to assess them, and analyzed the data. As a result, data from the 
instruments are interpreted in a biased, subjective manner. Second, pencil-and-
paper assessments provide a limited view of participant's understandings. These 
tests do not reveal how understanding the NOS impacts the respondent's 
behaviors and choices (Lederman et al., 1998). Finally, standardized tests, 
including the Science Process Inventory (Welch, 1967) and the Wisconsin 
Inventory of Science Processes (Scientific Literacy Research Center, 1967), which 
are designed for large-scale investigations, categorize participants' views as 
"adequate or inadequate" (Lederman et al., 2002, p. 503). This provides a very 
narrow view of participant's NOS knowledge and do not provide information 
about how participants' understandings impact their behavior. 
Although analysis of participants' responses to the VNOS-C may use a rating 
system, researchers use interviews and observations to provide a wider view of 
participant's views of the NOS and how these views impact choices about what 
to teach about science and how to teach it. According to the authors of the 
instrument, participants' responses to the VNOS-C reveal whether they agree 
with specific aspects of the NOS, whether the participant can express the 
meaning of each aspect of the NOS in their own words without conveying 
misconceptions about the NOS, and whether the participant can provide 
examples (Schwartz et al., 2004). Overall, the focus of analysis is on participants' 
28 
ability to communicate their views of NOS, not just whether or not they know 
about it. 
During my study, the Next Generation Science Standards (NGSS, 2013) were 
released, emphasizing the importance of the NOS in school. The NGSS 
introduced eight understandings about the NOS, which are: 
• 
• 
• 
• 
• 
• 
scientific investigations use a variety of methods, 
scientific knowledge is based on empirical evidence, 
scientific knowledge is open to revision in light of new evidence, 
scientific models, laws, mechanisms, and theories explain natural 
phenomena, 
science is a way of knowing, 
scientific knowledge assumes an order and consistency in natural 
systems, 
• science is a human endeavor, and 
• science addresses questions about the natural and material world. 
It has been twenty years since the NRC (1996) and AAAS (1993) produced 
the documents on which the original version of the VNOS-C is based. Since that 
time, there have been advances in science and our understanding of how 
students learn science. It is time to align research on the NOS with the recently 
released NGSS (2013). 
The version of the VNOS-C that I modified and used in this study 
contains 9 open-ended questions, informed by the original version of the VNOS-
C and the NGSS (2013). Most of the modifications are minimal and were done to 
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make the questionnaire more accessible for teachers who were answering the 
questions on line. I changed the wording in Questions 5, 7, 8, and 9 to make the 
questions more personal to the participants as teachers and to elicit responses 
about how they would teach the NOS to their students. Finally, I removed 
questions 5, 6, and 7 from the original version of the questionnaire to shorten the 
time it takes participants to complete the questionnaire. These three items were 
originally included to elicit responses about the role of inference and creativity in 
science, which are aspects of the NOS that are also addressed in Questions 6, 8, 
and 9 of the modified version used in this study. 
Each of the nine open-ended questions addresses one or more of the tenets of 
the NOS from the NGSS (2013). Analysis of responses to VNOS questions does 
not correspond directly with one, specific aspect of the NOS. For example, 
Questions 4 and 5 look at participants' understandings of the tentativeness of 
science, that scientific knowledge is open to revision in light of new evidence. 
However, views of this aspect of the NOS could be explicated in response to 
other questions on the questionnaire. For instance, understandings of the 
tentative aspect of the NOS could be expressed in response to Question 6. This is 
the same assessment strategy used by the original authors of the VNOS-A, B, and 
C. The authors of those instruments chose to use this strategy for two reasons. 
First, it is consistent with the belief that NOS understandings should be 
demonstrated in several contexts, rather than as responses to specific questions, 
which is done on most pencil and paper assessments (Lederman, 2002). Second, 
it allows us to profile participants' deeper understanding of some aspects of the 
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NOS versus other aspects of NOS, which may be useful when comparing how 
different groups understand the NOS. 
Classroom observations. To witness firsthand participants' NOS 
instructional practices, I observed participants' teaching during three biology 
classes. Observations began during January of 2013 and concluded during June 
of 2013. I asked to observe classes during which participants taught methods of 
scientific investigation and I or taught in the context of evolutionary theory, 
climate change, or genetics, which are suitable topics that are likely to emphasize 
the need for an understanding of the NOS. Ultimately, participants chose the 
classes that I observed. Overall, teachers chose appropriate classes to be 
observed. As a result of numerous snow days, two teachers were observed for 
the third time at the conclusion of the school year. Consequently, I observed two 
classes during which these teachers reviewed material for standardized tests. 
The observed classes were recorded using a Tascam recorder. A backup 
recording was made using a Logitech microphone and GarageBand with my Mac 
computer. With the help of a research assistant, all of these recordings were 
transcribed for analysis. 
Following each class that I observed, I conducted a short debriefing interview 
with the participant, face to face or by email to get his or her perspective on his 
or her instructional practices, to confirm whether he or she achieved the lesson 
objectives, and to clarify any questions I had in regard to what I observed specific 
to the NOS. 
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Semi-structured interviews. Semi-structured interviews were conducted 
after all classroom observations were completed. Each semi-structured interview 
took approximately 30 minutes and was audio-taped and transcribed. Each 
participant was allowed the opportunity to verbally clarify written responses to 
the survey and questionnaire, thoughts, and classroom practices through the 
semi-structured interview. Participants were also asked about their NOS 
teaching practices and what influences such practices. 
The semi-structured interview protocol questions were prepared along 
with another graduate-level science education researcher to fully explicate 
participants' deep and complex views on NOS and how these views may be 
influenced by personal scientific research experiences. I added questions after 
reading the background questionnaire, referring to the classroom observations 
and field notes. I began each of the interviews by asking each teacher to explain 
in detail their research experience, specifically describing what they did in the 
research experience. I then asked each teacher to explain why they choose the 
specific instructional strategies for each activity during the three classes that I 
observed. The interview assisted in clarifying and better understanding the 
influence of teachers' research experiences on their decisions to teach specific 
aspects of the NOS. 
Data Collection Procedures 
Background questionnaire. During the recruitment phase of this study, I 
sent e-mails to potential participants with a link to a Survey Monkey background 
questionnaire. Sixty-three teachers, who were interested in participating in this 
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study, completed the questionnaire between November of 2012 and February of 
2013. The first twelve teachers, who met the criteria for this study, were sent 
email invitations to participate along with a SurveyMonkey link to the consent 
form and the modified VNOS-C questionnaire. All twelve teachers agreed to 
participate, signed the consent form, and completed the VNOS-C questionnaire 
on-line. 
Modified VNOS-C questionnaire. I e-mailed a Survey Monkey link to the 
modified VNOS-C questionnaire to all participants along with the consent form. 
To mitigate any concerns regarding the validity of teacher responses, I informed 
all of the participants that there are no correct or incorrect answers to the items 
and I instructed them to answer each question to the best of their ability, 
truthfully, and without relying on outside sources. I did not read participants' 
questionnaire responses until I completed their observations, but prior to their 
semi-structured interviews. 
Classroom Observations. Subsequent to receiving participants' signed 
consent forms and their completed questionnaires, I contacted each participant 
by email to set up a time for their first classroom observations. Each participant 
and I agreed on three classes that I observed. Data were collected during the 
classroom observations using field notes and recording devices. Field notes were 
taken to report classroom contextual and situational factors that may be 
associated with NOS instructional practices. For example, I made notes of the 
general layout of the room, lesson characteristics (i.e. activities and assignments), 
and genercil practices (i.e. wait time, use of questions, student led discourse, and 
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student centered activities). Immediately following the viewing, I wrote memos 
noting my impressions of each teacher's NOS instructional practices. I used these 
memos to debrief with teachers, either in person, following the class, or via · 
email, later that evening. These debriefs lasted no more than fifteen minutes. 
Semi-structured interviews. Semi-structured interviews were audio-taped. 
Eleven of the interviews were done in the participant's school while one was 
done at a coffee shop. Each interview was conducted separately and each lasted 
approximately 30 minutes. The interview was conducted to clarify all of the other 
instruments. I standardized each interview asking each individual to expand on 
and describe further any research experiences. I explored duties the participant 
performed in their prior work. Additionally, participants were given an 
opportunity to describe their lesson planning. Finally, I explored the participants' 
classroom observations and asked them to explain why they chose a specific 
instructional strategy. In conclusion, I asked if the participants noted any 
enabling or constraining factors in translating their understanding of NOS in the 
classroom. 
Data Analysis Procedures 
Modified VNOS-C Questionnaire responses. The authors of the original 
version of the VNOS-C provided guidance in analyzing participants' responses. 
In this study, each of the nine questions in the modified version of the instrument 
was analyzed using the guidance of the original authors' analysis of the VNOS-C 
and a research-based rubric that was created and used in a dissertation 
(McDonald, 2008). Each response was examined for understanding of NOS and 
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categorized as "yes" or "no" or "somewhat" understood aspect of the NOS, 
based on the rubric. 
Using this research-based rubric, an additional science education 
researcher and I read and analyzed participants' responses to two of the VNOS-C 
questionnaires, which were chosen randomly, together. To prevent potential 
bias, throughout the coding process, we remained blind to participants' names 
and group affiliation (teacher with or without research experience). Once we 
determined that the rubric was a good match for coding participants' responses 
in this study, we independently coded the responses to the remaining ten 
participants' questionnaires. Cohen's kappa was calculated at 0.73 suggesting 
good agreement for two raters (Landis & Koch, 1977). To establish a greater level 
of reliability, a second education research assistant independently coded the 
responses to the VNOS-C questionnaire for all twelve participants using the 
research-based rubric. Cohen's kappa was calculated at 0.70 indicating good 
agreement, again. 
Classroom observation transcripts. The classroom observation transcripts 
were analyzed using coding of data to identify participant's NOS teaching 
practices, their experiences with NOS, as well as evidence of their NOS 
understandings in their classrooms. The codes were based on the eight NOS 
understandings defined by the NGSS (2013). The codebook consists of three 
categories: teaching NOS, experience with NOS, and NOS understandings. Each 
category consists of the 8 NOS understandings. This was done to make coded 
text more specific to address my research questions. For example, a chunk of text 
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that evidences a teacher's understanding about science as a human endeavor, 
was coded "NOS understanding of science as a human endeavor." In another 
situation, the teacher may have been using historical vignettes to teach that 
science is a human endeavor, was coded "Teaching NOS, science as a human 
endeavor." The majority of codes in the classroom observation transcripts were 
in the Teaching NOS group. 
Coding of the observation transcripts was done on-screen using 
HyperRESEARCH, which allowed me to cluster data on a particular code, 
teacher, or group of teachers as well as allowing me to look at frequency of code 
occurrence, which was useful in developing the twelve case studies and when 
looking for trends in the data across teachers. 
Semi-structured interview transcripts. Upon completion of the interviews, 
I transcribed the audiotapes and read the transcripts to develop tentative ideas 
about categories and patterns (Maxwell, 2005). Analysis of the data was done 
using HyperRESEARCH with the same coding scheme that was used to code the 
classroom observation transcripts. The majority of codes in the interview 
transcripts were in the Teaching NOS and Experience with NOS groups. In 
codingthese transcripts, an additional code emerged and was added to the 
codebook, which is "Other influences on teaching science." This information is 
important because not every teacher in this study has research experience but 
may teach aspects of the NOS. I wanted to know what, other than research 
experience, may influence these individuals' choices to teach the NOS. 
To increase the validity of the findings, I asked another science education 
36 
researcher to read two transcripts, chosen randomly from the twelve. Together, 
we assigned codes to the text, on-screen. After individually reading and scoring a 
third transcript the other science education researcher and I met and discussed 
discrepancies to complete agreement. Analysis of each of the remaining nine 
interviews followed; we independently coded each interview transcript and met 
to discuss discrepancies to reach complete agreement. 
Summary of data analysis. The data were analyzed in three major 
sections: (a) the data from each individual instrument, (b) the compiled data 
from each of the 6 teachers on all four instruments by group (e.g., teachers with 
and without authentic scientific research experience), and (c) the group as a 
whole. This required analyzing the data using categorizing strategies of coding. 
This helped facilitate comparisons between ideas in the same categories. 
Threats to Validity 
Validity threats include the number of participants, which was small. 
Another threat is that I am the sole researcher. My professional experiences as a 
researcher and working with teachers both with and without authentic scientific 
research experience may have created a bias toward the teachers in this study. I 
designed the study to minimize these threats. Specifically, I: 
• 
• 
• 
observed each participant teaching three lessons to collect rich data; 
used a comparison group; 
based my questionnaire on a widely used, valid instrument (VNOS-
C) to elicit teachers' understandings of the NOS; 
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• 
• 
• 
• 
triangulated data sources to understand participants' understanding 
of the NOS and NOS instructional practices; 
de-identified participants' responses to the VNOS-C questionnaire 
and interview transcripts prior to analysis; 
refrained from analyzing participants' responses to the VNOS-C 
questionnaire until classroom observations were completed; 
used member checks of survey and questionnaire responses during 
the semi-structured interviews, which allowed participants to clarify 
their responses to help minimize any misinterpretations of teachers' 
understandings of the NOS; 
• employed two research assistants to code participants' questionnaire 
responses and rate participants' understandings of the NOS; 
• employed a research assistant to code participants' semi-structured 
interview transcripts and classroom observation transcripts. 
Role of the Researcher 
I have worked with diverse populations of teachers and students in both 
formal and informal science education setting. I have convened local researchers, 
teachers, and community organizations around relevant issues to connect school-
based science, teachers and students' lives, and the community. I seek innovative 
ways to improve scientific literacy among diverse populations of high school 
teachers and students. Throughout this experience, I have come to understand 
the important role of the NOS. In addition I have become aware of the potential 
influence that teachers' prior experiences and perceptions of the NOS have on 
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teaching learning. Historically, my relationships with teachers have been based 
on trust and respect. Before the study began, I fully explained to the participants 
about their involvement as volunteers and I answered any questions they had. 
Throughout the study, I conducted debriefing interviews with each teacher and 
created opportunities for them to clarify the data, rather than interpreting it 
myself. 
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Purpose of Study 
Chapter Four 
Results 
In this study I investigated the relationship among twelve teachers' 
ASREs, their understandings of the NOS, and what they teach about the NOS. 
There were three main research questions for this study: 
1. What influence, if any, does ASRE have on teachers' views of the NOS? 
2. What do teachers with and without ASRE teach about the NOS? 
3. How do teachers with and without ASRE link their NOS views to their 
NOS instructional practices? 
Summary of Methods 
To assess teachers' views of the NOS, I used a modified version of the 
VNOS-C questionnaire (Abd-El-Khalick, Bell & Lederman, 1998; Lederman et al., 
2002). Codes were predetermined and aligned with the 8 NOS Understandings 
outlined in the Next Generation Science Standards ([NGSS], 2013). Responses 
were classified according to "yes" or "somewhat" or "no" to indicate whether or 
not a participant demonstrated informed understandings about these aspects of 
the NOS. Statements representing informed understandings about the NOS, 
affirmed aspects of the NOS and were classified under the "yes" subcode. 
Statements representing less informed understandings portray science contrary 
to the perspectives accepted by the NGSS (2013) and were classified under the 
"no" subcode. For example, a less informed view of the human endeavor NOS 
implies that creativity and imagination do not play a role in the development of 
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scientific knowledge. With a less informed perspective, scientific knowledge is 
viewed as objective and culture-free, revealed by data alone; whereas a more 
informed view would describe scientific knowledge as determined through 
creative pursuits and inferential activities that find the meaning within data to 
support conclusions (Schwartz, et al., 2010). Responses that failed to recognize 
the NOS were also considered less informed and classified under the "no" 
subcode. Somewhat informed views fluctuate between less and more informed. 
Such responses often exhibit inconsistencies in beliefs or lack supporting 
.examples. For example, a somewhat informed view of science as a human 
endeavor would limit the role of creativity and imagination to the development 
stage of the scientific process. With a somewhat informed view of the tentative 
nature of scientific knowledge, scientific knowledge is viewed as revised only if 
new information is presented; whereas a more informed view would describe 
scientific knowledge as revisable based on reinterpretation of existing data, as 
well. 
I used interviews and classroom observations to provide an in-depth view 
of participant's research experiences, their understandings of the NOS, and how 
these variables impact participants' choices about what to teach about science 
and how to teach it. All data was coded based on the NOS understandings 
outlined in the NGSS (2013). In addition, a few codes emerged from the data 
when meaningful to answer the research questions. 
Sample 
The twelve teacher participants were licensed Biology teachers currently 
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teaching biology classes in Massachusetts' public high schools. All of the 
participants had at least 2 years teaching experience. Six teachers participated in 
authentic scientific research experiences (ASRE) such that they earned a graduate 
degree in science and I or worked for some period of time as a scientist. Six 
teachers did not participate in ASRE and had traditional teacher-preparation 
backgrounds such that they began substitute teaching immediately upon 
completion of undergraduate study or after have some career experience 
unrelated to scientific research. 
In this chapter, I present case studies of the twelve participants. Each case 
study includes a description of (a) participant's scientific research experiences 
and their rationales for teaching science; (b) participant's views of the NOS; and 
(c) participants NOS teaching practices. Then, I provide a cross-case comparison 
of teachers' NOS understandings and their NOS teaching practices. 
Teachers with ASRE 
AJ. AJ is a male, Caucasian teacher at an urban public charter school. He 
has more than four years of ASRE. AJ has been teaching AP level biology as well 
as general level biology for six years at his school, where 69% of the student 
population qualifies for free or reduced-price lunches. AJ's school is comprised 
of 65% Afro American, 26% Hispanic, and 4% White students. Of the students at 
AJ's school who took the Science and Technology /Engineering (ST&E) portion of 
the Massachusetts Comprehensive Assessment System (MCAS), 58% scored 
proficient or above. On average, AJ's classes have eighteen students. 
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ASRE. AJ has a range of research experience. Prior to teaching science, he 
was an undergraduate laboratory techniciah in a lab studying the physiology of a 
variety of plants. As part of this experience, AJ did bench work in the laboratory 
and fieldwork in a greenhouse and growing fields. After graduating, he worked 
at a large hospital and research facility as a laboratory technician in glaucoma 
research. For two years, AJ worked on rat models, which was his first research 
experience working with animals. AJ explained that, "I didn't really want to just 
stay with medical research. My passion is more like evolutionary and animals in 
the wild" (interview transcript, April, 10, 2013). He subsequently returned to 
graduate school to earn a doctorate in Ecology, Behavior, and Evolution. 
Rationale for teaching science. Over the period of time AJ spent doing 
research, his view of who a scientist is changed from that of an individual who 
does research to answer questions about the world to that of a competitive 
individual driven by ego. 
Growing up you think of this scientist as an amenable individual, 
pursuing truth and then you get into it and you're like writing papers that 
maybe fifty people in the world are really interested in and forty-five of 
them are trying to tear you apart. (interview transcript, April, 10, 2013) 
During his postgraduate research experience, AJ became a graduate 
fellow through the NSF Graduate STEM Fellow in K-12 Education (GK-12) 
Program. He initially applied for this funding program not because of a 
particular interest in teaching, but instead because he needed funding to 
continue his research. The GK-12 fellowships were awarded to graduate students 
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in science, technology, engineering, and mathematics and were intended to 
improve communication and teaching skills of the graduate student while 
enriching STEM content and instruction for their K-12 teacher partners. 
Immediately, AJ "fell in love with teaching. Going into the classroom was like 
the 'aha' moments that happened in the lab every three to six months but were 
happening on a daily basis with a variety of different kids and it was equally as 
challenging" (interview transcript, April, 10, 2013). When AJ realized that 
teaching science offered an opportunity to make an impact on students in his 
classroom, he quickly changed career paths. Rather than completing a doctorate 
program, he left with a master's degree to pursue a career as a science teacher. 
NOS understandings and implementation. AJ's responses to the modified 
VNOS-C Questionnaire were often detailed and complete with examples, which 
made them easy to understand. For example, he described Tinbergen' s wasp 
homing experiment as an example of good experimental setup and used Galileo 
and Einstein as examples of scientists whose creative ideas played a role in the 
development of scientific knowledge. Table 4 shows AJ' s level of understanding 
about five aspects of NOS that emerged from his responses to the questionnaire 
and his interview. 
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Table 4 
A]'s NOS Understandings 
NOS Understanding 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Is open to revision 
Is a human endeavor 
X 
X 
X 
X 
X 
Based on empirical evidence/ is a way of knowing. AJ' s understanding of these 
two aspects of the NOS is entwined, as was his teaching about them and this was 
evident in the questionnaire responses, interview comments and in his teaching 
practices. On the questionnaire, he described scientific knowledge as based on 
empirical evidence, which he believes distinguishes it from other ways of 
knowing: "Science does not depend on trust. There is always evidence to support 
scientific claims" (questionnaire response). In his teaching, AJ addressed both of 
these aspects of the NOS simultaneously. He taught in a contextualized fashion, 
presenting his students with a relevant scientific issue for investigation. During 
all observations, students took on the role of a scientist investigating real world 
issues and applying and advancing what they know about science and the 
processes of science. For example, in the second observation, students prepared 
to defend their positions about the use of a watershed area in their town. AJ 
explicitly directed students to prepare arguments based on empirical data, not 
based on emotion. As he prepared students for a watershed lesson he explained: 
The point of today' s lesson and possibly what is going to continue into 
tomorrow is the background for your next role-play. So, we are going to 
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be learning not just about the watershed in one specific area. It's sort of 
several towns together. There's going to be a proposal by a company, each 
of you is going to play a role, and you are then going to defend your 
position but what we're really transitioning from first semester to second 
semester is first semester you used a lot of emotion to persuade them. 
(observation transcript, February, 14, 2013) 
This was one of many instances when AJ called students' attention to how 
science is a way of knowing that "differs from other ways of knowing through 
the use of empirical standards, logical arguments, and skeptical review (NGSS, 
2013)." 
In another example, AJ also called students' attention to existing data, 
which, he explained, good scientists use to develop research questions to extend 
scientific knowledge (field notes, February 14, 2013). In the following example, 
he directed students towards looking at data from different perspectives: 
I war,tt you to shift your focus. You've been coming up with all these pros. 
So, what are some of the challenges; I want you to think of some of the 
cons to the ideas that you have currently proposed. (observation 
transcript, January, 4, 2013) 
He frequently directed students towards making logical arguments based on 
skeptical review of data: 
In your groups, take four minutes to describe the graph at the top of your 
paper and then be thinking, what questions should you be asking 
46 
yourselves, as good scientists, about the data in this graph. (observation 
transcript, March, 18, 2013) 
In the following example, AJ called students' attention to the idea that basing 
arguments on empirical evidence is unique to how science is done: 
Now we're going more toward the science part. You need to be 
supporting yourself with facts, figures, statistics, and making sure that, 
yes the emotional part is there because you are role-playing and we want 
you to get into character, but that you are supporting it more and more 
with hard science. So take a look at this figure. (observation transcript, 
February 14, 2013) 
Consists of a variety of methods. In his responses to the questionnaire, AJ 
demonstrated an informed understanding about a variety of scientific methods. 
For example, he gave Tinbergen's animal behavior research, which was both 
descriptive and semi-experimental, as an example of good experimentation. 
During his interview, he explained that, during his own research experience, he 
"liked the fact that there was kind of a mix of hands-on stuff out in the field with 
the plants and then the sort of genomics work at the lab bench (interview, April, 
10, 2013)." During all of the observations, AJ drew students' attention to common 
values of all scientific research, regardless of the methodology used. For 
example, he called students' attention to the ideas that scientific investigations 
begin with a question and that scientific inquiry is characterized by a common 
set of values including precision and the replicability of results. The following 
excerpt from an observation is an example of this: 
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AJ - Key components of a good experiment? 
Student A -Hypothesis. The question you are testing. 
AJ - Ok so you actually need a testable question. And the hypothesis is 
your what? 
Student B - Your inference. 
AJ- I like that. What's your null hypothesis? 
Student C - There is no effect. 
AJ - The null hypothesis would be that there is no effect from what? I 
heard independent and dependent variable but I heard a couple people 
use them incorrectly. Which one are you in control of? Which one are you 
manipulating? What is the key thing about an independent variable? 
Student D - You can change it. 
AJ- You can. How many can there be? 
Student E -One. 
AJ- What do I mean by only one? 
Student E - You should only change one thing you are testing or you can't 
compare it to your control. 
AJ- Absolutely. I heard over in your group some important things of a 
good experiment. 
Student F - Oh, testing over and over again. 
AJ- Exactly. It's this idea of repeatability. Why is that important? 
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Student G - If yo·u only do it once, it's not reliable. If you get the same 
results over and over again, it's more reliable because it shows it's 
accurate. 
AJ - It should be repeatable. Other scientists should be able to validate 
your results. There is something else we are missing. Any of you in 
physics class? So what else do we need with data sets? 
Student H - Null hypothesis. 
AJ- We got a null hypothesis. What about our sample size? 
Student I - Oh, the population, 
AJ- What about it, our sample size? How many whales should we do 
this? 
Student I - It's not reliable to see just one. 
AJ- Right, so we'll simply say large sample size. We haven't even said 
anything about a control. Can you tell me what a control is? 
Student J - A control is like the set example. 
Student K - Something in your experiment you can compare to. 
AJ- Great. (observation transcript, March, 18, 2013) 
In planning for teaching students about the NOS, AJ is motivated by the idea that 
scientific inquiry, regardless whether using experimental methods or descriptive 
and comparative methods, is characterized by a common set of values. During 
his interview, he explained that being able to engage in inquiry "is really the 
most important life skill that any kid that is walking out of science class should 
have (interview, April, 10, 2013)." This was demonstrated during his classroom 
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observations, when AJ frequently called students' attention to logical thinking, 
skepticism, replicability of results, honest reporting of findings, precision, open-
mindedness. However, AJ also evidences a hierarchical view of data in his 
questionnaire response and interview comments such that he views quantitative 
as more scientific then qualitative data. 
Scientific knowledge is open to revision. AJ holds an informed understanding 
of the idea that scientific knowledge is open to revision. 
Old data needs to be reinterpreted in light of new data. As more pieces of 
data support a theory, the changes become less drastic, but any data 
should be considered for change. (ql!lestionnaire) 
In the classroom, AJ encouraged students to engage in scientific 
argumentation, "a mode of logical discourse used to clarify the strength of 
relationships between ideas and evidence that may result in revision of an 
explanation (NGSS, 2013)." During one observation, he purposefully encouraged 
students to revise their explanation for a declining sea otter population each time 
he presented a new line of evidence. AJ focused students' attention on making 
logical arguments and reinterpreting previous explanations based on the new 
information: 
AJ - They ruled out reproductive failure because the sea otter's bodies 
were not washing up on shore. What does that leave? You were able to 
rule out migration, disease, pollution, and reproductive failure. 
Student - Predators? 
AJ- Interesting. 
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Student- Weather? Climate change. 
AJ- How could we rule that out? 
Student - Bodies. 
AJ- You would probably still see bodies washing up on shore. The 
Missing sea otter bodies are leading a lot of your classmates and scientists 
to believe it's predation. How would you test this hypothesis? Please read 
this article. (observation transcript, March, 18, 2013) 
This lesson concluded when AJ did not have any new information to present to 
students and they were left with a hypothesis to test. 
AJ- Stop there. Why is this a novel idea? Killer whales eat lots of stuff. 
Student- The sea otters and killer whales do not interact so it's weird. To 
test this hypothesis scientists need more information about killer whales. 
AJ- Make a list of the information you believe scientists need to know 
About killer whales to test their hypothesis that increased predation led to 
population decline. I also want you to write the components of a good 
experimental procedure. (observation transcript, March, 18, 2013) 
Although AJ specifically asks for an experimental procedure in the above 
example, he continued to remind students that they would be studying animal 
behavior in the field, such that the nature of their controls would differ from a 
laboratory-based controlled experiment. 
AJ approached instruction with the idea that scientific knowledge is open 
to revision, a disposition he took to motivate students to pursue science. The idea 
that scientific knowledge is dynamic was evident even in his questionnaire 
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resp~nses, when AJ wrote that changes in scientific knowledge are "the most 
exciting element of science." 
Is a human endeavor. AJ' s understanding of science as a human endeavor is 
informed about specific aspects of the understanding while uninformed about 
other aspects. AJ recognized creativity in regard to resourcefulness necessary to 
set up and conduct investigations. 
From Galileo to Einstein, it has been the scientists with the most creative 
ideas that make lasting impacts on science and our understanding about 
the universe. (questionnaire) 
AJ also recognized that scientific knowledge is the result of creativity and 
imagination, which play a role in designing experiments as well as after data 
collection when interpreting anomalous data: 
Planning and design require creativity and imagination because problem 
solving is part of this process. Creativity is important after data collection, 
too. If data cannot be explained through our current theories or 
understanding of the world, then scientists must be creative to make sense 
of that data. (questionnaire) 
During the interview, AJ provided the following example of using creativity 
from his own research experience: 
I had to be really creative in doing science. I did field work in Africa for 
six weeks. When a piece of machinery that I brought from the US broke, 
my 6-week research project was not over. I had to figure out how I was 
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going to get the data because I only had six weeks out of two years to get 
the data. (interview, April, 10, 2013) 
During the interview, AJ also provided examples of how his students use 
creativity and resourcefulness in regard to designing experiments and problem 
solving in the classroom. In his interview (March lOth 2013), he explained that he 
has the students come up with their own research question and also improvise 
when the lab does not have the exact equipment needed for the experiment. AJ 
also brought his experience from scientific research in how to encourage students 
to be creative: 
When they have a problem to solve, kids really want the answer but 
giving them that immediate satisfaction shuts down their creativity, it 
shuts down their curiosity and it also they're not going to actually 
remember it because they didn't have to struggle with it unless they have 
to come up with it on their own. This is not something that I was told 
explicitly, but I think I learned from research; from three different Pis I 
worked for. I would come to them and say I have this issue with whatever 
aspect of the procedure and they would ask me: "what are you going to 
do about it?" I use that in the classroom. (interview, March, 10, 2013) 
As he taught, AJ actively involved students in thinking like scientists. 
During one observation (March 18th 2013), students were encouraged to develop 
a research question about a decreasing sea otter population based on the data 
that AJ had presented to them. When students struggled to develop a 
researchable question, AJ did not "give" them a researchable question. Rather, he 
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called attention to misconceptions and challenged them to make revisions. For 
example, in response to one student, AJ explained: "that sounds like a statement. 
What question could you ask as a research scientist if you make the statement, 
"man I notice all the sea otters are disappearing." (observation transcript, March, 
18, 2013) 
AJ understands that teams of scientists contribute to science. He provided 
rich, detailed descriptions of working as a scientist alongside other scientists. In 
the following excerpt from AJ's interview, AJ reflected on his undergraduate and 
post undergraduate research experiences and how he came to understand that 
individuals and diverse teams of individuals contribute to the development of 
scientific knowledge: 
When I was an undergrad, I was an undergrad lab technician in a plant 
physiology lab. We did transgenic wheat and barley. Actually, it was a 
really cool experience; it was my first lab experience. It first opened up my 
eyes about how international research is. Just like working with people. 
There was a researcher from South Africa, there was a researcher from 
Scotland, and then there were these graduate students from all over the 
country, which I thought was really cool. (interview, April, 10, 2013) 
During his post undergraduate research experience, AJ worked alongside a 
female PI (primary investigator) who was a MD-Ph.D. and "had an amazing 
work-life balance (such that) she was a mom, she was a researcher, and she was a 
doctor (interview, April, 10, 2013)." As part of his work in this lab, AJ 
collaborated with the PI's husband, who was also a researcher in a different lab, 
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and two post-docs, one was from China and one was from Bulgaria who 
impressed AJ with their intelligence. During his interview (April 10th 2013), AJ 
described his post undergraduate experience as "great" because it was 
characterized by positive mentors and collaborative experiences with other 
scientists who offered him opportunities to do original research and to present 
his findings at conferences. 
So that was awesome that I was able to not only get my name on these 
papers but also was included in going to the conferences and presenting. 
Right out of school at the age of twenty-two. It's intimidating but also a 
really great experience. (interview, April, 10, 2013) 
AJ also demonstrated some less informed understandings about this 
aspect of the NOS. He struggles with the idea that scientists' backgrounds, 
theoretical commitments, and fields of endeavor influence the nature of their 
findings. On the questionnaire, AJ explained that he does "not think culture 
changes the findings of science, especially now that the scientific community is 
connected through journals, the Internet, and conferences." Because he does not 
view this as an aspect of the NOS, AJ "would not address the idea of cultural 
influence on science with the class (questionnaire)." His teaching did not 
demonstrate anything contrary to his statement, as he did not address this idea 
with his students. 
Summary. Overall, AJ' s scientific research experience is strongly linked 
with how he understands the NOS and his implementation of the NOS in the 
classroom. AJ indicated that he believes it is important to teach the NOS and that 
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his research experience has helped him with this. He demonstrated that he 
understands effective NOS teaching occurs in a contextualized lesson that 
teaches about science content and process skills. In his schooling prior to his 
research experience, AJ did not learn how to apply his knowledge to real-world 
situations, which motivates him to teach his own students in a contextualized 
fashion. He also aims to teach about the interconnectedness of NOS concepts. 
Having worked with teachers who do not have a research background, AJ feels 
like they cannot conceptualize a bridge between aspects of the NOS that they are 
able to articulate. 
Classroom observations suggest that AJ achieves NOS implementation 
through design and implementation of lessons that create a classroom culture 
that encourages speculation, inquiry, collaboration, creativity, and imagination. 
Embedded within his lessons is an expectation that students will think like 
scientists and take on the roles of scientists. 
Dot. Dot is a part-time teacher at a small rural high school in the same 
town in which she lives. She has been teaching sophomore level biology at this 
school for 6 years. Dot's school is comprised of 89% White students. Of the 
students at her school, 0% are English Language Learners (ELL) and 10% qualify 
for free or reduced-price lunches. During the 2012-2013 school year, 77% of 
students at this school who took the ST&E portion of the MCAS scored proficient 
or above. 
ASRE. After receiving both a bachelor's degree in biology and a certificate 
in teaching as an undergraduate student, Dot sought out a scientific research 
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position, in part, because she believes that science teachers should practice 
science before teaching it. For two years, Dot performed ELISAs and other lab 
bench techniques in the reproductive endocrinology unit of a major research 
hospital. She worked alongside MD's and Ph.D.'s "so when somebody would 
come in with something unusual they would take a sample and send it right to 
the lab and we could use it for research (interview, April, 24, 2013)." As a 
researcher, Dot appreciated having a background in science, explaining that her 
experience allowed her to see science as tool "instead of just something you are 
memorizing for a test (interview, April, 24, 2013)." 
After her research experience at the hospital, Dot held a research position 
at a pharmaceutical company for a few years doing drug discovery research and 
quality control for drugs used in reproductive endocrinology diseases. Dot 
explained why she found industrial science research less rewarding then medical 
research: "If a researcher found something interesting, but it wasn't the drug that 
they were looking for, then the findings were dismissed and nobody would work 
on it again (interview, April 24, 2014)." 
Rationale for teaching science. During college, Dot prepared for teaching 
science later in life by studying for a teaching certificate. During her interview 
(April 24th 2013), she explained that she "just kept it up to date" figuring 
someday she might teach science because it is a career that fits with having a 
family. 
NOS understandings and implementation. Dot's responses to the 
questionnaire were heavily influenced by personal experience; she illustrated 
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each response with an example either from her research experience or from her 
teaching practice. For example, when describing characteristics of good 
experiments, Dot provided an example from her work as a medical laboratory 
technician: 
When I was involved in research, I performed many ELISA tests that were 
conducted with many, many controls. I used both positive and negative 
controls to show that the reagents were working and accurate. More than 
one variable can be tested so long as negative and positive contrQls are 
included for every variable you are testing. (questionnaire) 
In another response, she used an example from her teaching to explain that 
scientific knowledge is tentative in nature: 
For example, I teach students that introns are removed during 
transcription and only exons are used to code for genes. I am teaching 
students that the genetic material that we once referred to as "junk" is now 
believed to be pretty important. (questionnaire) 
Overall, Dots' ASREs and her teaching practices are entwined with her NOS 
understandings. Table 5 shows Dots' NOS understandings that emerged from 
her questionnaire responses and her interview comments. 
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Table 5 
Dot's NOS Understandings 
NOS Understanding 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Is open to revision 
Is a human endeavor 
X 
X 
X 
X 
X 
Based on empirical evidence. Dot understands that scientific knowledge is 
based on empirical evidence, which she demonstrated through her questionnaire 
responses and through her teaching. Dot's questionnaire responses showed that 
she understands the purpose of experimentation in science is to provide 
empirical evidence on which scientific explanations are based. Her 
understanding of the empirically-based nature of scientific knowledge was also 
evident in her teaching. During one observation (April 24th 2013), Dot frequently 
called students' attention to evidence for evolution, asking students make logical 
arguments, based on multiple lines of evid~nce, supporting evolution. She also 
used current examples from students' lives to make evidence of evolution 
explicit. 
I love evidence for evolution that you can see in a person's lifetime. Do 
you remember a few years ago, your gym teacher talked with you about 
MRSA bacteria? There were a few infections of the bacteria resistant to 
antibiotics so they were trying to get people to be extra careful, especially 
around the gym locker room. So they were talking with people about 
59 
good hygiene because the bacteria had evolved to become resistant to 
antibiotics. (observation transcript, April, 24, 2013) 
During a conversation with one student, she was explicit about the idea that 
scientific knowledge is based on empirical evidence: 
Student - I thought the data was interesting but if it's not even accurate, it 
does not matter. 
Dot- Well the other three sequences: human, gorilla, and chimp, those are 
accurate, real sequenced genes. The common ancestor sequence is an 
educated guess. 
Student - When I made an educated guess, I was shot down. 
Dot - I'm still waiting for you to have data to support your educated 
guess. (observation transcript, April, 24, 2013) 
In this excerpt, Dot demonstrated her understanding about the idea that 
scientific arguments are strengthened by the use of empirical evidence, which 
differs from emotional argumentation. In another lesson, students took on the 
role of a scientist, an engineer, and townspeople and then, evaluated and 
organized existing evidence to support their arguments for and against the 
building of a hydroelectric plant in their town. 
You need to state your fictional name and role in the community. You 
need to clearly state whether you are for or against the hydroelectric dam. 
You need to make a minimum of five points that you researched. You 
need facts and data. You can put in maybe one emotional plea but the 
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others should be based on research and data. (observation transcript, 
April, 24, 2013) 
This quote shows that Dot recognizes that science and technology may 
raise ethical issues for which science alone may not provide answers and 
solutions. In planning for assessing students' understanding about the use of 
empirical evidence and the NOS, probes students with questions that explicitly 
ask them to provide evidence to support their scientific arguments, but may not 
be answered by science alone. 
I will include an essay question on their Genetics test that will let me 
assess if they really grasped the concept of bioethics as it relates to 
genetics. The question will allow them to express their opinion, but it will 
need to be supported by scientific information. (follow-up interview, 
March 6, 2013) 
Is a way of knowing. Dot's questionnaire responses did not evidence a more 
or less informed understanding about these aspects of the NOS. However, there 
is evidence that her understanding of this aspect of the NOS is more informed. 
This was evident in her teaching about it and in her interview responses. She 
believes that for students to be contributing members of society, they must 
understand science is a way of knowing that "distinguishes itself from other 
ways of knowing through use of empirical standards, logical arguments, and 
skeptical review (NGSS, 2013)." Dot believes that developing an understanding 
of how scientific knowledge is created is essential in becoming an informed 
citizen. 
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. I 
I try to get students to question things and to think critically about 
information before forming their own beliefs. They are only fifteen or 
sixteen now but in two years they are eighteen years old and all these 
decisions are going to be theirs to make. I want them to think critically 
and not take for granted what they read in the newspaper like about 
nutrition and health. They have to learn to think like scientists and to look 
at different points of view and different types of research. (interview, 
April24, 2013) 
In her teaching, Dot addressed both science as a way of knowing. She 
purposively presented students with relevant scientific issues for investigation 
that involved ethical decision-making. As she prepared for a genetics lesson, she 
explained: 
The idea first came to me when I read a New York Times article about 
Katherine Moser, the twenty-something year old who tested positive for 
Huntington's disease. I also remember that when I was in school, we were 
very motivated and intrigued by real life issues. At that time we 
discussed abortion and euthanasia, which kept us interested and educated 
about scientific and political issues of our time. I think that science is 
more interesting when we know about the application and the intrigue 
that accompanies it. (observation follow-up interview, March 6, 2013) 
During this observation, Dot explicitly told her students that science is a tool for 
making informed decisions about genetic testing: 
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So there are three main topics we want to cover today and tomorrow. 
Would you get tested for a genetic disease? Who should have access to 
that? And, should companies be able to own a genetic sequence? The 
interesting thing that's happening in the real world is a little scary. Since 
you guys are fifteen or sixteen you have two to three years before you will 
vote on this stuff so you need to be scientifically literate so you know how 
to think about these things whlen it comes to voting. (observation 
transcript, March 6, 2013) I 
During one observation (March 6th 2013), Dot engaged students in discussions 
about the interplay of science, technology, and ethical questions using such 
probes as: "Do you think a company should be able to own that (a genetic 
sequence)?" She wants students to take these lessons seriously, telling them that 
"(your decision) is something that you have to think long and hard about based 
on what is known and understood about genetic testing currently (observation 
transcript, March 6, 2013)." 
Dot actively looks for local, real world context and creates lessons for her 
students from those contexts. During the interview, she explained that she 
encourages students to think scientificallt about ethical issues raised by science 
and technology, which also rely on social and cultural contexts to resolve: 
I challenge my students to answer the questions of whether morality 
should have a role in science. I believe that morality is influenced by 
culture. First, they say that morality has no place in science. Then, I 
engage them in a discussion about human cloning. We talk about while 
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human cloning is frowned upon it in the USA, this is not the case in other 
countries. Then, I introduce the topic of biological testing on humans. I 
want students to understand that their beliefs reflect the time in history 
and their culture. (interview, April, 24, 2013) 
During another observation, Dot encouraged students to think critically and 
reflect on actual scientific debates going on in students' hometown involving 
value-laden ecological issues. 
I found this lesson idea online a few years ago. It's called "To Dam or Not 
To Dam" and it takes place in the town of Rockdale but I thought that 
there must be something similar around here so I called the towns' 
planning manager. She said the town was doing feasibility studies for a 
hydroelectric plant. I made the lesson nonfiction I found the person who 
did the feasibility study and the person who would build the 
hydroelectric plant to have them all come in and talk to the students. It 
exemplified how scientific debates were taking place in their own town. 
(interview, April, 24, 2013) 
Consists of a variety of methods. Dot struggles with understanding that 
there are multiple methods of scientific investigation, which she demonstrated in 
her responses to the questionnaire. On the questionnaire, she wrote about her 
own research experience with small mammal populations. She explained that she 
did not believe that methods of observation and description were scientifically 
rigorous or reliable sources on which to build scientific knowledge. 
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I spent a week collecting data on s~all mammal populations, which was a 
frustrating experience because I couldn't control the weather conditions, 
the food supply, and such. Without experiments, one is making a hunch, 
speculation, relying on assumptions or expressing an opinion. 
Experiments are invaluable in the development of scientific knowledge. In 
conditions where experimentation is not possible, conclusions are less 
reliable. (questionnaire) 
In her teaching, however, Dot created opportunities for students to engage in 
multiple methods of scientific investigation. For example, students did library 
research to investigate potential ecological impacts of a hydroelectric dam (field 
notes, April, 24, 2013). In another class, students used observational and 
comparative methods to form conclusions about evolutionary patterns (field 
notes, March, 6, 2013). Finally, Dot presented students with scientific articles that 
were based on evidence from experimentally controlled investigations about 
genetics (field notes, January, 23, 2013). 
Open to revision. Dot demonstrated that she understands the durable, yet 
tentative nature of scientific knowledge through her questionnaire responses. As 
was previously shown, she provided examples from her teaching that illu:;trated 
her understanding about "science explanations can change based on new 
evidence (NGSS, 2013)." 
Is a human endeavor. Dot's understanding of science as a human endeavor 
is mixed and this was evident in the survey responses, interview comments, and 
in her teaching practices. In her questionnaire responses, Dot likened the level of 
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creativity that is characteristic of artistic endeavors to that in the development of 
scientific knowledge: 
I think science requires as much creativity as art. Coming up with new 
ways to look at things and designing new scientific contraptions to 
perform experiments requires creativity and imagination. (questionnaire) 
However, she limited the role of creativity. On the questionnaire, Dot wrote that 
creativity does not play a role "during data collection" and she likened the use of 
creativity during data collection to "fudging your data." 
In her teaching, Dot addressed the human endeavor aspect of science. For 
example, she called students' attention to benefits of the international and 
collaborative efforts of scientists to develop scientific knowledge: 
Before the bell rings I want to show you this advanced program. I think it 
is so awesome and cool. It's a government website by NIH called BLAST. 
If an individual sequences a piece of DNA, he or she can put that sequence 
into the program. Anyone can search the sequence bank to determine 
whether a sequence has been uploaded by anyone else in the world. The 
program will also tell you how closely a sequence is related to any other 
species sequences. What I like about this, is it's an international sharing of 
genetic and protein information so that people all over the world can 
collaborate and improve the rate at which scientific knowledge advances. 
(observation transcript, March, 6, 2013) 
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In this example, Dot not only shared her excitement about BLAST, she told 
students that science is a collaborative effort, which has been influenced by 
technological advances and she encouraged them to participate in science. 
Dot believes for students to pursue science, they must understand that 
scientific knowledge is the result of human endeavor, a disposition she took to 
motivate students to pursue science: 
I want my students to understand that anybody can participate and 
contribute to science. They may come into class thinking that a Ph.D. is 
needed to go into science. I have a project at the beginning of the year that 
has student's research what can be done with just a biology degree. I also 
tell them that I got my favorite job right out of college. (interview, April, 
24, 2013) 
Summary. Overall, Dot believes that her ASRE influences how she teaches 
science. Dot indicated that she believes it is important to teach the NOS and that 
her research experience has helped her with this. During her interview (April 24th 
2013), she explained that she believes without ASRE, she would rely solely on the 
textbook rather than seeking outside resources and applying what she teaches to 
real-world situations (interview, April24, 2013). Her teaching demonstrated that 
she understands the interconnectedness of NOS understandings and that she 
aims to teach them through contextualized lessons. 
In her research experience prior to teaching, Dot did not employ a variety 
of investigational methods. Despite having participated in field-based research 
during professional development, Dot holds a hierarchical view of scientific 
67 
research methods. In the classroom, she provides opportunities for her students 
to engage in multiple methods of investigation. In this case, Dot's NOS 
understanding does not compliment her practice, which may suggest her 
practice is a reflection of her pedagogical preparation rather than her research 
experience. 
Elyse. Elyse has been teaching AP level as well as general level biology 
and a biotechnology engineering course for four years. Her goal is to become the 
chair of the science department in a few years. Elyse's school is located in a rural 
town. Of the 922 students emolled at this school, 95% are White and 4.6% qualify 
for free and reduced price lunch. The average class size is twenty-four students. 
Of the students who took the MCAS exams during 2012-2013, 99% passed the 
English Language Arts exam, 96% passed the math exam, and 88% passed the 
Introductory Physics ST &E test. 
ASRE. Elyse has a range of ASRE. Prior to teaching science, she was an 
undergraduate research assistant in a lab studying Lyme disease. As part of her 
undergraduate experience, she did bench work in the laboratory and fieldwork. 
Elyse explained that she preferred doing laboratory bench work and using 
controlled experimentation rather than fieldwork doing observational studies. 
During this period of time, she formulated and carried out a scientific 
investigation from start to finish, giving her insight into the scientific process. 
After college, Elyse returned to graduate school and applied her background in 
genetics to study evolutionary biology and earn her Master's degree in Ecology 
and Evolutionary Biology. 
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Rationale for teaching science. Over the period of time Elyse spent doing 
research, her view of herself as a researcher changed from that of a competent 
individual who can develop and carry out an investigation to that of an 
individual who must do years of research before becoming a professor. As a 
researcher at the graduate level, Elyse "felt worthless and incompetent 
(interview, February, 25, 2013)." Elyse left research with a master's degree and 
decided to pursue teaching because she realized that teaching offered 
opportunities to feel appreciated and to help kids feel competent doing science. 
NOS understandings and implementation. Elyse's responses to the 
questionnaire were often detailed and made use of accurate language to convey 
her NOS understandings. For example, she carefully stated that empirical 
evidence might be used both to validate and invalidate hypotheses, and that 
science cannot be proven. Other participants were not as careful not to use the 
term "proven" in their responses and did not always include that evidence can 
be used to invalidate hypothesis in addition to validating them. Table 6 shows 
Elyse's NOS understandings that emerged from her questionnaire responses and 
her interview comments. 
Table 6. 
Elyse's NOS Understandings 
Category 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Is open to revision 
Is a human endeavor 
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NOS Understandings 
No Somewhat Yes 
X 
X 
X 
X 
X 
Based on empirical evidence. Elyse demonstrated that she understands 
scientific knowledge is based on empirical evidence through her questionnaire 
responses. For example, on the questionnaire she wrote that science differs from 
other ways of knowing because it "use(s) empirical evidence in testing 
hypothesis about the natural world." She also recognized that scientific theories 
have been "tested and supported by many lines of evidence" and that they may 
change in light of "new or conflicting evidence (questionnaire)." Elyse is also 
motivated to teach about this aspect of the NOS. During a debriefing interview 
(January 2nd, 2013), she explained that a major learning objective of her class is to 
"emphasize the empirical basis of scientific knowledge." During the first two 
classroom observations (January 2nd, 2013 & January 3rd, 2013), Elyse made 
implicit references to the relationship among experimental design, empirical 
evidence, and scientific explanations. In both lessons, students were tasked with 
developing experimental protocols. In preparation for these tasks, Elyse 
presented scenarios to her students of poorly designed experiments that had 
produced strange data. She had students use the evidence to support their 
explanations for the design flaws. In her teaching, Elyse did not make any 
explicit references to the role of empirical evidence in the NOS. 
Is a way ofknowing. Elyse's questionnaire responses demonstrated that she 
holds a more informed view of this aspect of the NOS. For example, her 
responses demonstrated that she understands that the use of evidence to support 
scientific explanations is unique to science as a way of knowing about the world. 
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She also showed that she understands this aspect of the NOS through her 
teaching practices. In teaching one class Oanuary 2nd 2013), she frequently called 
students' attention to the role that interpretation plays in analyzing data, as well 
as the roles that logical thinking about data and honest reporting of findings play 
in making science a unique way of thinking about the world. The following 
example from her teaching, demonstrates that Elyse calls on real world examples 
to teach students that they will need to use science as a way of knowing in order 
to participate in a democratic society. 
Your job is to design an experiment. Each group is going to make a 
proposal to the class. This is what is actually done if you go into research 
in the future; you come up with an idea, you say this is how I want to 
address it, and you need to propose to somebody to get funding for it. So 
you need to convince your class that your idea is good enough to actually 
do it. The whole class is going to vote and then do that experiment 
together so we have a lot of data to consolidate. (observation transcript, 
January 2, 2013) 
Open to revision. Elyse understands that scientific knowledge is tentative, 
yet durable, which she demonstrated through her questionnaire responses. For 
example, in her responses, she wrote that scientific knowledge changes "as new 
or conflicting evidence is presented (questionnaire)." She also explained, 
"scientific knowledge can never be proven (questionnaire)." However, her 
understanding about this aspect of the NOS was not demonstrated through her 
interview comments or through her teaching practices. 
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Consists of a variety of methods/is a human endeavor. Elyse's understandings 
about science as a human endeavor and methods of scientific investigation are 
entwined and both are limited. For example, she believes that creativity and 
imagination play a role in the scientific process, but that it is a limited role: 
Scientists must often be very creative and imaginative in order to design 
experiments but not at all during data collection and when interpreting 
results. These processes should be according to plan so as not to bend the 
statistics to suit the hypothesis. (questionnaire) 
She does not demonstrate an understanding that science as a human endeavor is, 
in part, influenced by human subjectivity. Rather, Elyse frequently characterized 
scientific experimentation as a totally objective process that results in objective 
data: 
Scientific investigations use empirical evidence to objectively test 
hypotheses. Conclusions are the results of repeatable, controlled 
experiments. (questionnaire) 
Yet, Elyse's teaching demonstrated a more accurate understanding about science 
as a human endeavor. For example, Elyse used a historical example to explicitly 
teach that scientists make inferences when analyzing data: 
This is what researchers needed to do when they started out using flies. 
We talked about Morgan developing this system of using flies. He didn't 
know where the red eye trait was. All this stuff had to be done from 
scratch. This is how it is done; it's done by crossing the flies to each other 
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and looking at the results and inferring from the results. (observation 
transcript, January, 3, 2013) 
Then, she had students make inferences about data they collected: 
It is your job to create a linkage map. Again, all we are able to see of these 
flies is the phenotype, so you have to infer the genotype. (observation 
transcript, January, 3, 2013) 
She also stresses the ideas that individuals and groups of·individuals contribute 
to the development of scientific knowledge through the replicability of results: 
I use group work to stress the point that, in science, you repeat 
experiments over and over again because it does not always result in the 
same data. Looking at the data from multiple groups together gives 
students a picture of how it is important to repeat experiments in science. 
(interview, February, 25, 2013) 
Likewise, Elyse's responses to the questionnaire, her interview responses, 
and her teaching practices demonstrated a limited view of the investigative 
process in science. She believes that an experimental method involving controls 
is the only valid method of scientific investigation and that is what she teaches 
students: 
Only controlled experiments can indicate that one variable causes another. 
This is how scientific knowledge progresses; by validating or invalidating 
hypotheses and leading to an understanding of the natural world. 
(questionnaire) 
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During her interview, she recognized that scientific investigations start with a 
question, which determines the methods. Ultimately, she wants students to "see 
the beauty of experimental design and how answering a question with a really 
solid experiment leaves no doubt of what the actual case was (interview, 
February 25, 2013)." 
In her questionnaire responses, Elyse showed that she holds the 
misconception that scientific investigation uses a single scientific method that 
involves controlled experimentation and follows a stepwise procedure. She 
wrote that "the general scientific method used by educated scientists is universal 
(and) I teach students the scientific method (questionnaire)." She frequently has 
students designing experimental protocols to test different variables during class. 
During a debriefing interview, Elyse explained that she is motivated to employ 
such activities by her own research experience during which she wrote many 
experimental-based research proposals and by her pedagogical training, 
specifically AP Biology professional development courses, which emphasized 
inquiry-based activities. 
In teaching one class (January 2"d 2013), she used historical examples of 
problematic experiments to explicitly call students' attention to the need for 
controls in scientific investigations. When applying this idea to students' 
experimental designs, she explained: "you always need a control because 
something else may be a variable (observation transcript, January 2, 2013)." Elyse 
did not address other methods of investigation in her teaching. 
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Summary. Elyse believes that her scientific research experience and her 
NOS understandings influence her teaching practices. During her interview 
(February 25th, 2013) she characterized textbooks as "confining and counter 
intuitive," which is why she relies on her research experience to teach the NOS. 
Despite having engaged in some fieldwork during her research experience 
and having a background in evolutionary biology, it appears that Elyse is more 
influenced by her experience doing laboratory-based controlled experiments . 
while studying genetics. During her interview (February 25th, 2013), she 
characterized the earlier parts of her research experience, those that were field 
based, as "frustrating" compared with later parts of the experience, which taught 
her to "appreciate the difficulty in the struggle and approach scientific problems 
better, which meant employing experimental, controlled procedures. It appears 
that Elyse views science as an objective process that may be characterized as the 
scientific method and she conveys this to her students. 
Iris. Iris is a mom of two young children. She has been teaching biology 
and chemistry at the same large, suburban high school for six years. Of the 1227 
students enrolled at her school, 85% are White, 9.7% are Asian, and 9.9% are 
Hispanic. Thirty percent of these students qualify for free or reduced-price 
lunches. Of the students who took the 2013 ST &E test for the MCAS, 67% scored 
at or above proficient. On average, there are thirty students in Iris' classes. 
ASRE. The majority of Iris' research experience is field-based doing 
comparative studies. As an undergraduate, Iris worked as a curator at a 
university-based Natural History Museum doing research on animal skulls, 
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logging data, categorizing skulls, and preparing them for viewing. Iris also spent 
a lot of time in the field, collecting specimens and dissecting them. After 
graduating, Iris went directly into a master's program. As a graduate student 
doing research, Iris "lived in the lab (interview, May, 29, 2013)." She 
subsequently returned to school to earn a Ph.D. in genetics. 
Rationale for teaching science. During the period of time Iris spent doing 
research, her view of what types of careers individuals with science degrees 
pursue expanded. As an undergraduate, she majored in Biology because she was 
told that to be a veterinarian she must have a degree in Biology. As a graduate, 
she realized she "could work with animals, like doing conservation work, and 
didn't have to be a veterinarian (interview, May, 29, 2013)." Subsequently, she 
pursued a Ph.D. because becoming some type of doctor "was really important to 
my family (interview, May, 29, 2013)." 
During her graduate research experience, Iris worked as a laboratory 
teaching assistant (TA). She enjoyed "talking to the average non-science person 
about science and getting students excited about science (interview, May, 29, 
2013)." When she realized that that science teaching offered an opportunity to 
use her science degrees and get individuals excited about science, she changed 
career paths. Rather than completing a doctorate program, she pursued a career 
as a science teacher. 
NOS understandings and implementation. Iris' responses to the modified 
questionniare demonstrated her overall informed understandings about NOS. 
She frequently referred to personal teaching practices in her responses. For 
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example, when describing what makes a good experiment, Iris wrote about 
specific lab activities she uses in the classroom. Table 7 shows Iris' level of 
understanding about aspects of NOS that emerged from her responses to the 
questionnaire and her interview. 
Table 7 
Iris' NOS Understandings 
NOS Understandings 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Open to revision 
Is a human endeavor 
X 
X 
X 
X 
X 
Based on empirical evidence. Iris's understanding about the use of empirical 
evidence as the basis of scientific knowledge is evident in her questionnaire 
responses and in her teaching practices. In response to the questionnaire, she 
wrote that the use of evidence including data and observations sets science apart 
from other ways of knowing, which are based on "leaps of faith." 
In her teaching, Iris addressed this aspect of NOS through historical 
examples of scientists' explanations that are based on evidence. For example, 
while teaching about Darwin's theory of evolution, Iris frequently probed 
students about his use of empirical evidence in developing this theory. The 
following questions are examples of Iris' probes from that class: 
Is Darwin's explanation scientific? 
How was Darwin able to say modification of species is accomplished? 
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How did Darwin explain the incompleteness of his ideas? Why does he 
say they are incomplete? Why does he say that he is missing information? 
(observation transcript, March, 7, 2013) 
Is a way of knowing. Iris understands that science is a way of knowing. This 
was evident in her interview comments and her teaching practice. For example, 
in her teaching, Iris uses real world examples of science to get students thinking 
about the application of scientific knowledge because she believes students 
should understand the "bigger picture (of science) (interview, May, 29, 2013)." In 
other words, she wants students to be able to apply science in life. 
Occasionally, I talk with them about application of what we are learning. 
For example, we discuss the chemicals in diapers. In learning about cells, 
we take a step back and discuss why we learn about cells and why it is 
important to us. (interview, May, 29, 2013) 
She wants students to understand that science as a way of knowing is 
distinguished by skeptical review: 
I want students to understand that they can question science. They can 
analyze it and compare what one scientist claimed versus what another 
scientist claimed. I want them to understand that science was not just here 
and should not be questioned. (interview, May, 29, 2013) 
Iris believes it is critical for students to be skeptical about "a question on a ballot 
(and) when a doctor tells them something that about themselves and they have 
to make a health related decision (interview, May, 29, 2013)." Overall, she 
believes that students should "understand and respect science is not just 
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memorizing but that it is discussion and questioning and finding out new things 
(interview, May, 29, 2013)." Iris explained that being able to use science to 
understand the world means, "thinking on one's feet and questioning things, not 
being fed information and believing it (int11rview, May, 29, 2013)." 
Iris' research experience influences her teaching about the idea that 
"science knowledge has a history that includes the refinement of, and changes to, 
theories, ideas, and beliefs over time (NGSS, 2013)." For example, she calls 
students' attention to controversy surrounding the theory of evolution. She tells 
students, "I am teaching you science and there is controversy. I tell them that, as 
scientists, they should understand that (interview, May, 29, 2013)" because it 
influences the refinement of theories and ideas in science. Iris' understanding 
about this aspect of the NOS is influenced by her research experience: 
I think it goes back to graduate school. For example, the term species is 
always controversial in terms of what the correct definition of it is. I don't 
want students to think because it's controversial, it is taboo, but that we 
can question it. We can define a species one way but then another scientist 
may find two species interbred when they weren't supposed to. 
(interview, May, 29, 2013) 
Consists of a variety of methods. Iris understands that a variety of methods 
are used in the development of scientific knowledge, however, in her teaching, 
she calls students' attention to the stepwise scientific method throughout the 
year: 
I teach the scientific method. Students design a lab; they have to come up 
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with a hypothesis and a procedure. They have to actually collect and 
analyze data. This way, they really have an understanding of the scientific 
method in the beginning of the year. In teaching ecology, it's a little harder 
to teach the scientific method but I'm always reminding them that we 
talked about controlled variables. How do you control a variable when 
you're out on an island counting moose? You cannot. So, I always going 
back to the scientific method and review it. For example, when I talk about 
historical figures in science, I ask: What was their hypothesis? And so on. 
(interview, May, 29, 2013) 
Although in planning for teaching about scientific investigations, Iris is 
motivated to teach the scientific method, the preceding example also shows that 
Iris understands that a variety of methods are used in science. In this case, Iris' 
NOS understanding is influenced by her personal field based research experience 
such that she recognizes other ways of investigating the world but her 
pedagogical training appears to have a greater influence on her teaching. 
During the classroom observations in this study, Iris called students' 
attention to different ways to study the world. For example, she spent an entire 
class (March 7th 2013) discussing the observational and comparative methods 
Darwin used to develop his theory of evolution. During the second observation 
(May 29th, 2013), she had students "take on the role of a scientist and make 
predications (follow-up interview, May, 29, 2013)" about animal adaptations 
based on their current understanding of evolution, thereby using correlational 
research methods. During the third observation, Iris taught students' about the 
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use of anatomical and physiological models in describing the function of disease 
towards developing scientific theories. During these classes, Iris did not make 
any references to the scientific method or experimental methods involving 
controlled variables. 
Open to revision. Iris demonstrated an informed understanding about the 
idea that scientific knowledge is open to revision in light of new evidence 
through her questionnaire responses. For example, on the questionnaire, she 
stated that, "scientific theories may evolve over time" and recognized that "It 
would not be good science if scientists just accepted a scientific theory and never 
retested it to determine if it is still relevant, or not." Iris' understanding about 
this aspect of the NOS is entwined with her understanding about science as a 
human endeavor as demonstrated in her following response: "people can make 
mistakes or have an idea and later realize it is wrong or needs to be edited 
(questionnaire)." 
In her teaching, Iris employs historical examples to teach this aspect of the 
NOS. For example, during a classroom observation in this study, she presented 
on the history of the development of Darwin's theory of evolution, which, she 
emphasized, was predicated on prior theories of evolution. During this lesson, 
she also emphasized Darwin's use of empirical evidence in developing and 
supporting his theory. 
Is a human endeavor. Iris understands that science is a human endeavor. 
Her more informed understanding about this aspect of the NOS was evident in 
her questionnaire responses, her interview comments, and her teaching practices. 
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On the questionnaire, she explained that in teaching scientific theories to 
students, she teaches them about science as a human endeavor: "I teach them 
that people make mistakes and that scientists have ideas and hypothesis about 
what happens in the natural world but later realize those ideas were wrong or 
should be revised." 
Iris used historical examples of scientists' developing scientific theories to 
teach science is a human endeavor: 
I think understanding history of science is important because, just like in 
history class, history repeats itself. Scientists don't want to make the same 
mistakes as other scientists. I think students learn that, when a scientist 
made a mistake, he I she learned from it and some of scientists' discoveries 
were made by mistake. (interview, May, 29, 2013) 
During one observation, she frequently asked students to reflect on Darwin's 
efforts to develop our current understanding of the natural world: 
I - What led Darwin to formulate his ideas about the origin of species? 
How did he come up with his theory? Not what did he think, but how did 
he get to the point where he coulld even formulate his ideas? What life 
events happened to him? I 
Student answers. 
I - Definitely he was curious and worked with other scientists. But, what 
did he base his explanations for his theory on? 
Student answers. 
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I - So he collected things. He observed and collected and that is what he 
based his explanations on, right. (observation transcript, March, 7, 2013) 
During her interview (May 29th, 2013), she explained that she calls students' 
attention to the struggles that scientists go through to develop our current 
understanding of the natural world. Iris believes that it is important that students 
understand science is a human endeavor and do not take for granted the work 
done by scientists. 
It is important students understand that scientists put a lot of work into 
developing scientific knowledge. I think that I did research and I went 
around to many museums and I measured thousands of skulls and such 
influences why I teach that scientists work really hard. (interview, May, 
29, 2013) 
This demonstrates how her personal research experience influences both her 
understanding and implementation of this aspect of the NOS. 
In teaching about science as a human endeavor, she also calls students' 
attention to the idea that "individuals and groups of scientists contribute to 
scientific knowledge (NGSS, 2013)." She used Darwin as a historical example of 
scientists building on the findings of other scientists: 
Darwin read things. He read what other scientists including Lammarck 
and Wallace wrote and considered what he read. (observation transcript, 
March, 7, 2013) 
During his time, the current belief was that nothing changed over time. In 
order to fight that belief, he had tq understand and observe that belief. A 
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few people helped Darwin build his theory of Evolution. The writings of 
Hutton and Lyle influenced Darwin, as did Lammarck and Malthius. 
(observation transcript, March, 7, 2013) 
These examples also show how Iris uses historical examples of scientists using 
other methods of investigation to look at the world. 
Iris frequently used collaborative in-class work, which she believes helps 
students' "understand science is a community effort (follow-up interview, May 
29th, 2013). She also believes that collaborative classroom experiences create 
opportunities for students to engage in science as a human endeavor. During 
such experiences, she frequently tells students that "science is a process and you 
are going to discuss your findings like scientists and incorporate the ideas from 
every individual into the discussion and contribute something as a group 
(follow-up interview, May 29th, 2013)." 
Iris understands that scientists' backgrounds and cultures influence their 
findings. On the questionnaire, she wrote that scientists' "interpretation of the 
data can be different," which may result in different conclusions based on the 
same data. She also understands that "cultural beliefs definitely have some 
influence on what is being studied in science (questionnaire)." Iris understands 
that science is the result of creative and imaginative endeavors. On the survey, 
she recognized the role of creativity during the entire scientific process rather 
than limiting its' role: 
Designing an experiment to testing a hypothesis is an imaginative 
endeavor. Creativity and imagination play a role in planning and 
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designing and after data collection. As well, data collection requires 
imagination. (questionnaire) 
Finally, Iris believes that for students to pursue science, they must 
understand that science is the result of human endeavor, a disposition she took 
to motivate students to pursue science: 
I was always taught animals and I had not thought about other choices; it 
was be a doctor or be a vet. I never learned about all of the other cool jobs 
in science. So, I do a project with my juniors. They pick a career in science 
and present on it. I have someone research and present about being a food 
tester and someone who makes perfumes. We also bring in a researcher 
from a university to talk about that career. (interview, May, 29, 2013) 
Summary. Overall, Iris thinks that having a research background forces 
her to take a step back, away from what tl e textbook is asking students to study, 
and ask her students how they can apply the knowledge they are learning in 
their own lives. Without her research experience, Iris does not think she would 
take this perspective and that she would "just teach it, as is, from the textbook 
(interview, May, 29, 2013)." She also recognizes opportunities to tell students 
about her research experience when she teaches. For example, when teaching 
about evolution, she explicitly addressed the concept that scientific knowledge 
can be controversial and should be questioned. Iris told her students about her 
experience as a graduate student studying evolutionary biology and about 
controversy surrounding the definition for the term species. 
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Iris' teaching demonstrates that she views teaching about the NOS as 
intertwined with teaching about science content knowledge. Rather than making 
it the main objective of a lesson or seeing the NOS as an add-on, Iris makes an 
effort to recognize opportunities to address the NOS when she teaches because 
she does not believe that students will necessarily pick up on the NOS ideas 
through implicit references or by simply engaging in inquiry activities. 
Zoe. Zoe has been teaching high scln.ool biology at the same suburban high 
school for eight years. She has almost two years of authentic scientific research 
experience prior to teaching. Zoe's school is comprised of 2073 students. Of these 
students, 58% are White, 6% are Hispanic, and 5% are Afro American. Thirty 
percent of the student population qualify for free and reduced price lunches. 
Eighty one percent of students who took the ST &E biology exam during 2012-
2013 achieved a passing score. 
ASRE. Prior to doing research, Zoe achieved a BS in biology. During the 
period of time Zoe participated in authentic scientific research, she worked as a 
laboratory technician at a research hospital. As part of her research experience, 
Zoe did bench work in a lab where she studied DNA using mouse models and 
DNA sequencing techniques. 
Rationale for teaching science. While working as a research technician, 
Zoe's view of research changed from being new and exciting to "monotonous 
and lonely (interview, May, 29, 2013):" 
I appreciated the science but it became very monotonous. I felt like there 
were a lot of hours put in to not find very much data and I struggled with 
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a lot of alone time. I was a research assistant working for three Ph.D. 
students and the director of the lab and I did a lot of individual work 
without really understanding the big picture. (interview, May, 29, 2013) 
Subsequently, Zoe applied to graduate school to study zoology. During the 
period of time she was applying to graduate school, Zoe worked as a substitute 
teacher and loved it. Rather than getting a graduate degree in zoology, Zoe 
earned a master's degree in Education and pursued teaching as a career: "I did 
not realize that teaching science was going to be my career route. I never thought 
that I would teach science (interview, May, 29, 2013)." 
NOS understandings and implementation. Zoe's responses to the 
questionnaire evidenced both informed and uniformed levels of NOS 
understandings. Table 8 shows Zoe's level of understanding about aspects of 
NOS that emerged from her survey responses, interview comments, and her 
teaching practices. 
Table 8 
Zoe's NOS Understandings 
Category 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Open to revision 
Is a human endeavor 
NOS Understandings 
No Somewhat Yes 
X 
X 
X 
X 
X 
Is a way of knowing/ based on empirical evidence. Zoe's understanding of 
these two aspects of the NOS is entwined as was her teaching about them and 
87 
this was evidenced in the survey responses, interview comments, and her 
teaching practices. On the questionnaire, she accurately differentiated science 
from other ways of knowing about the world through use of empirical standards: 
"scientific research that provides replicated evidence differentiates science from 
other fields of knowing." In teaching about these aspects of the NOS, she called 
students' attention to the supporting role that evidence plays in explaining 
evolution: 
So we talked about five pieces of evidence for evolution. Why do we 
believe the pieces of scientific evidence? They allow us to believe 
evolution is happening. They all give us an idea that these changes 
happened over a really long period of time. The question is: Where did we 
start? Of those five pieces of evidence for evolution, which gives us the 
most accurate data of evolution itself? (observation transcript, May, 1, 
2013) 
Zoe believes for students to make informed decisions about their futures, they 
need to understand science as a way of knowing about the world, which is 
characterized by "empirical standards, logical arguments, and skeptical review 
(NGSS, 2013):" 
I love the idea of understanding science as questioning and trying to sort 
out the answer even if it's not exactly what we need students to know on a 
test because it is important that students see science as an overall way of 
knowing to be well rounded persons. (interview, May, 29, 2013) 
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I personally like teaching life science because I think students can apply it 
to real world applications. I think knowing how scientific knowledge is 
developed is important for students to understand their own bodies and 
to be well rounded, knowledgeable individuals who know how to make 
informed decisions. Look towards the future, it will be so critically 
important that individuals understand genetics and that their decisions 
may affect their DNA. How much they know about asking questions, 
looking at data, and making informed decisions can truly affect them later 
on. (interview, May, 29, 2013) 
This provides evidence that Zoe believes making real world connections in the 
classroom is important for teaching students about science as a way of knowing. 
In choosing such connections, she is influenced by her own research experience, 
which focused on genetics. 
Zoe believes that her research experience has positive implications for 
how she teaches her students about the science as a way of knowing. Zoe uses 
personalized real world examples from research to encourage students to pursue 
science. 
Genetics is so important. I find, because I have an interest in that, I give 
them more real life examples and share what I've done in research to 
interest them. I think for them to see someone' s done this and that they 
don't have to commit to one thing forever, they appreciate that. 
(interview, May, 23, 2013) 
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Consists of a variety of methods/Is a human endeavor. Zoe demonstrated a 
limited understanding of science as a human endeavor, which appears to limit 
her understanding of the variety of methods used to develop scientific 
knowledge. Through her survey responses, interview comments, and teaching 
practices, Zoe demonstrated that she believes science is a process that uses the 
traditional scientific method or set of pre-established steps requiring a testable 
hypothesis. For example, on the questionnaire, she wrote that scientific 
experimentation is the process of "testing a hypothesis that can be either proven 
or disproven and must have one variable that is being tested and one controlled 
variable." In teaching, she does not recogniz~ a variety of methods: 
I never thought about teaching comparative or descriptive studies. I 
present the scientific process in an experimental way. I always start the 
school year with the scientific method. I think most teachers attempt to 
start the year with the scientific method. I also believe that most students 
think, "We already know the 5 steps of the scientific method." (interview, 
May, 29, 2013) 
The implications of her ideas about scientific methods are demonstrated in her 
teaching only about the scientific method. 
Zoe also demonstrated a limited view of science as a human endeavor. For 
example, on the questionnaire she limited the role of creativity and imagination 
in science to the planning and designing stage. 
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Some scientific knowledge is based on creative ideas used to develop the 
question. Creativity and imagination are used during planning and design 
phases of science but not during data collection or after data collection. 
In another response to the questionnaire, she did not recognize scientists' 
backgrounds, culture, and theoretical commitments influence the nature of their 
findings, rather, she wrote that, "the study of science is similar regardless of 
culture and therefore it is universal." However, in the classroom, she aims to 
teach students about these aspects of science as a human endeavor: 
Incorporating science as a human endeavor into the classroom is a goal. 
As students get better at the labs, I plan that they will actually get to 
present their data and understand this aspect of the NOS through the 
sharing of their data with their peers. I think if students create a poster to 
present to their peers or share their data with others they might actually 
recognize that what they do in the lab can have an impact, which is what 
scientists do. (interview, May 29, 2013) 
For example, she uses historical examples of scientists to call students' attention 
to the human aspect of the scientific endeavor. During one observation (May 15\ 
2013), using Darwin as the example, Zoe encouraged students to consider the 
common characteristics shared by great scientists including persistence, 
curiosity, and copious attention to record keeping. 
Zoe also recognized the role that culture and society played in Darwin's 
work as a scientist. 
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Darwin wrote Origin of Species and documented all of this information 
but to introduce that into society at that time was risky. You would have a 
whole lot of people who wouldn't necessarily believe these things because 
they believed other theories by other scientists. Darwin actually waited 
about 25 years and presented his book after another scientist, Thomas 
Hunt, shared some similar ideas. (observation transcript, May, 1, 2013) 
During one observation (May 1st, 2013), she encouraged her students to use their 
imaginations to make inferences based on the evidence she provided to them: 
I said it before: there is no right or wrong answer. You have to imagine 
what would happen to that organism over time. 
Open to revision. In response to the questionnaire, Zoe stated "yes" when 
asked whether scientific knowledge is open to revision. She did not explain her 
response and she did not include examples to illustrate the response. Although 
she showed some understanding about the tentative nature of scientific 
knowledge through her questionnaire response, neither her interview comments 
not her teaching practices demonstrated her understanding. 
Summary. Despite demonstrating a limited understanding of the NOS in 
her questionnaire responses, Zoe demonstrated that she makes it a goal to 
incorporate aspects of the NOS in her teaching. In the classroom, she conveyed 
some misconceptions about the NOS that supported the limited NOS 
understandings conveyed through her questionnaire responses including the 
scientific method. However, her teaching evidenced a more informed 
understanding of science as a human endeavor than did her questionnaire 
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responses. During her interview (May 29th 2013), Zoe described her personal 
research as a "lonely experience" and she pointed out that she worked separately 
from others in her lab. Zoe admitted that she did not understand the "big picture 
of the research (interview, May, 29, 2013)" because she had not been involved in 
planning and developing the research project. Overall, it appears that Zoe' s 
personal research experience has a greater influence on her NOS understandings 
than on her NOS teaching practices. 
Sue. Sue has been teaching biology as well as anatomy and physiology for 
four years. Prior to teaching high school science, Sue worked as a biotechnology 
educator for a university-based laboratory science outreach program. The school, 
in which she teaches, is a large suburban high school with 1301 students 
enrolled. Of the students enrolled at this school, 77% are white, 9% are Hispanic, 
6% are Afro American, and 5.5% are Asian. Approximately 30% of the students 
at this school qualify for free and reduced price lunches. Fifty-four percent of the 
students at this school, who took the ST &E exam during 2012-13, achieved 
passing scores. 
Authentic scientific research experience. During her undergraduate 
education, Sue majored in biology and minored in secondary education. 
Subsequently, Sue went to graduate school to study biology. As a graduate 
student, Sue studied plant genetics, "com~aring two opposite ends of the 
spectrum of a big family of plants (interview, February, 25, 2013)." During the 
two years she was doing research in graduate school, she worked in a lab with 
many other scientists who were also studying plant DNA. This resulted in her 
93 
"learning lots of techniques and getting to use the techniques with DNA and 
new technologies that are used by a lot of scientists (interview, February, 25, 
2013)." Sue believes that her research experience influences how she teaches 
students about the scientific endeavor (follow up interview, March, 7, 2013). 
Rationale for teaching science. As an undergraduate student, Sue 
minored in secondary education because she believed that she would teach high 
school science after completing her Master's degree. During the time she was 
doing research as a graduate student, she found research interesting but "tedious 
(interview, February, 25, 2013):" 
A lot of researchers find this out when they have to start coming up with 
data to answer their own research questions. It's tedious to keep at it, 
especially once you are working on your own. (interview, February, 25, 
2013) 
Upon earning her Master's degree in biology, "teaching just came back to (Sue). 
It was like something that (she) really wanted to do (interview, February, 25, 
2013)." 
NOS understandings and implementation. Sue's responses to the 
questionnaire were thorough and frequently included examples, which provided 
details to support her understandings. Overall, Sue's questionnaire responses 
evidenced a more informed level of NOS understandings. However, her teaching 
practices evidenced a lower level of understandings about some aspects of the 
NOS. Table 9 shows Sue's level of understanding about aspects of NOS that 
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emerged from her questionnaire responses, interview comments, and her 
teaching practices. 
Table 9 
Sue's NOS Understandings 
NOS Understandings 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Uses a variety of methods 
Open to revision 
Is a human endeavor 
X 
X 
Is a way of knowing/based on empirical evidence. Sue's questionnaire 
X 
X 
X 
responses evidenced a more informed level of understanding about these two 
aspects of the NOS. On the survey, she recognized science as both a body of 
knowledge and the processes used to generate empirical evidence towards 
developing that knowledge, which, she acknowledges, distinguishes science 
from other ways of knowing: 
Scientific disciplines are based on evidence I data gathered through 
processes used in testing scientific questions. Religion and such other 
ways of knowing are based on stories passed from 1 generation to the 
next, not evidence. (questionnaire) 
During her interview, Sue recognized the importance of understanding 
science as a way of knowing. She believes understanding this aspect of the NOS 
"is the ability to know how science helps (us) in (our) lives (interview, April, 27, 
2013)" and that has implications for how individuals make decisions: 
95 
I definitely think that students should be able to be able to critically 
analyze things and not to just accept everything they are told or read 
because they are going to be making decisions when they are voting. I 
want to be informed about such decisions. I want them to understand that 
science can be used to inform their decisions. Likewise, how it informs 
decisions in their own lives like in deciding what food to eat or not eat. 
(interview, April, 27, 2013) 
In her teaching, Sue frequently had students record class data and "look for 
patterns in the data to support explanations about phenomenon (NGSS, 2013)." 
For example, during one observation (March 4th 2013), students collected data 
about their traits and used that data to support current ideas about inheritance 
patterns. During another observation (April 22nd, 2013), students engaged in a 
predator-prey activity and collected data to evaluate explanations about the 
phenomenon of predator-prey dynamics. However, in this study, Sue did not 
connect what students were learning in class with real-world applications. She 
did not address the idea that science alone cannot answer all questions nor did 
she call students' attention to any ethical issues involving human decisions about 
the use of human knowledge. 
Consists of a variety of methods. As a graduate student, Sue's experience 
gave her the opportunity to formulate and carry out a scientific investigation 
from start to finish, giving her great insight into the scientific process. However, 
her questionnaire responses, interview comments, and teaching practices 
evidence a less informed understanding about the methods used in scientific 
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investigations. Sue believes that scientific knowledge is developed through 
experimental methods of investigation involving controlled variables that follow 
the traditional scientific method or set of pre-established logical steps requiring a 
testable hypothesis . For example, on the questionnaire, she wrote: 
In order to make it a good experiment, there should be an experimental 
group and a control group. The experimental group would receive a 
specific treatment and the control group would not receive a treatment. 
All other variables should be kept constant. These two groups would be 
compared and data would be measured at various times throughout the 
experiment. (VNOS) 
During her interview, Sue described the relationship between her research 
experience and her understanding of methods of scientific investigation: 
Being involved with the research process, one can see science is more than 
learning facts; it is: understanding that science is the process known as the 
scientific method. (interview, April 27, 2013) 
Sue is motivated to "incorporate the scientific method (into lessons) (interview, 
April, 27, 2013)." For example, Sue's classes "discussed the nature of science or 
the scientific method and students designed an experiment and tested one 
variable that they predicted would affect plant growth (follow up interview, 
March, 7, 2013)." During the observations, she demonstrated that she 
incorporates parts of thinking about the scientific method including making 
observations and collecting data. For example, during one observation, students 
made observations of classmates' traits, collected data, and used it the data in 
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learning about patterns of inheritance (field notes, March, 4, 2013). During 
another observation, students collected data about types of candy and used the 
data to make predictions about predator-prey relationships and evolution (field 
notes, April, 22, 2013). 
In thinking about how she teaches the scientific method, Sue does not 
believe that the subject matter is as important to students' understanding as is 
participating in the steps of the scientific process. In her teaching, she also probes 
students to reflect on what they do in class and how that relates to the scientific 
method: 
In many classes, after students have collected their data, I ask them to 
think critically about what they just did. I want them to realize that we did 
not just play in the lab so I ask them, "What does it all have to do with 
what we are learning about the scientific method?" (interview, April, 27, 
2013) 
Open to revision. Sue understands th~t "scientific knowledge can change 
when new information is found (NGSS, 2013)," which includes reinterpretation 
of evidence. Sue demonstrated this understanding in the following questionnaire 
responses: 
Theories can change as new experiments are performed and new scientific 
evidence is discovered that may change and/ or add to what is already 
known (questionnaire) 
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The role of experiments is to accumulate data/ evidence that may be 
integrated into existing scientific knowledge and/ or analyzed as new 
knowledge. (questionnaire) 
Is a human endeavor. Sue understands that science is a human endeavor as 
evidenced in her questionnaire responses and interview comments. For example, 
she recognized the role of creativity and imagination throughout the scientific 
process: 
There is a role for creativity and imagination in the development of 
scientific knowledge. In order to develop scientific knowledge, scientists 
need to imagine what might be possible and be creative in designing new 
experiments. Scientists may also use creative ways of collecting data or 
new instruments and ideas for collecting and analyzing data. 
(questionnaire) 
However, in teaching, Sue does not call students' attention to what students do 
in the classroom and this aspect of the NOS: "There are times I challenge 
students to think creatively or to be creative in class with projects but I 
specifically relate it to the practice of science (interview, April, 27, 2013)." 
In her questionnaire responses, Sue also showed that she understands that 
"scientists' backgrounds influence their interpretation of data, which may 
influence the nature of their findings (NGSS, 2013):" 
Analyzing data is up to interpretation. Scientists may interpret the same 
data in different ways based on their personal experience, which might 
lead to different conclusions. (questionnaire) 
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Although Sue's questionnaire responses show that she understands 
scientists' backgrounds influence scientific, her responses also show that she 
does not believe that social and cultural values influence the interpretation or use 
of scientific knowledge. Rather, she believes scientific knowledge is "universal 
meaning that scientific facts are the same anywhere you live (questionnaire)." 
Summary. Sue's survey responses demonstrated she is more informed 
about some aspects of the NOS and not about others. Frequently, her teaching 
practices did not align with her understandings. For example, she demonstrated 
a more informed understanding about science as a way of knowing but she did 
not call students' attention to it. In the case of science uses a variety of methods, 
however, her teaching practices did align with her less informed understanding, 
which she demonstrated in her questionnaire responses and in her interview 
comments. 
Although she demonstrates an informed understanding of many aspects 
of the NOS based on her own research experience, she does not appear to 
connect these understandings with effective classroom teaching about the NOS. 
Overall, Sue's incongruent understanding of the NOS and NOS implementation 
demonstrates that she conceptualizes school science separately and different 
from authentic scientific research. For Sue, the purpose of school science is to 
motivate students enough to know science is relevant and a possible career. 
While there is evidence that her research experience influences how she 
understands the NOS, there is also evidence that was insufficient in terms of its' 
impact on changing how she conceptualizes teaching the NOS. 
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Teachers' Without ASRE 
Ava. Ava is a teacher at a small suburban high school. She does not have 
authentic scientific research experience but she has experience working a 
summer job in a research laboratory during high school. She has been teaching 
general level and AP level biology, as well as environmental science for three 
years at her school, where 27% of the student population qualifies for free or 
reduced-price lunches. In addition to teaching, Ava has been advising the 
school's science club and coaching girls' tennis. There are 510 students enrolled 
at the school, which is comprised of 84% White and 10% Hispanic students. 
Although the students at this school achieved a high passing rate (93%) on the 
ELA portion of the MCAS, 63% of the students who took the ST&E biology exam 
during 2012-13 achieved passing scores. 
Scientific research experience. Ava's research experience does not meet the 
criteria of authentic scientific research (AAAS, 1989). As a high school student, 
she worked in a university-based scientific research laboratory collecting data. 
She explained that the experience was "tedious and boring (interview, April, 5, 
2013)," but that she did learn how to take measurements and collect data, which 
are research skills that she wants her students to be able to do. 
My job consisted of me measuring out specimens into itty, bitty boats that 
I measured in micrograms. Using little scoopulas, I would take twenty-
five milligrams of the specimens. That was my job; to fill up twenty-five 
boats each with twenty-five milligrams. I'd use tweezers to fold them into 
little packages. (interview, April, 5, 2013) 
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Despite it not being an authentic scientific research experience, Ava's research 
experience gave her a "fundamental understanding of what working in a lab is 
like (interview, April, 5, 2013)," which she did not get at school where she 
"learned a textbook-focused version of how science is done (interview, April, 5, 
2013)." During her interview (April 5th 2013), Ava explained that she "was never 
taught how to do science in school." For example, she does "not remember doing 
any labs in high school biology class (interview, April, 5, 2013)." 
Subsequently, as an undergraduate student, Ava majored in 
environmental science but she did not plan to pursue a career doing scientific 
research. Rather, she hoped to pursue a career as a professional science writer. 
During this period, Ava's narrow view of scientific methods expanded. 
Prior to majoring in environmental science, I thought that you needed 
fancy equipment and technologies to do science. I had never learned that 
science can be done using cups and just everyday household items. For 
example, in environmental science, all you need is evidence based on 
observations. (interview, April, 5, 2013) 
Rationale for teaching science. After graduating, Ava worked at a private 
high school as an advisor to students. She explained that she wanted to have a 
positive influence on high school students' lives: 
I want(ed) to make them into conscientious citizens so that when they 
turned 18, they would be out in the world thinking critically, making 
informed choices, being the types of scientifically literate people we need 
for the world to continue. (interview, April, 5, 2013) . 
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Motivated by this belief that students needed to lead scientifically literate lives, 
Ava returned to school and earned her Master of Arts in Teaching (MAT) and 
her license to teach biology. 
NOS understandings and implementation. In her responses to the 
questionnaire, Ava frequently provided examples from her teaching. For 
example, she described teaching about the development of the Big Bang theory 
to illustrate the role that evidence plays in the development of scientific 
knowledge. In another response, she described teaching about Watson and Crick 
as an example of science as a creative and imaginative endeavor. Table 10 shows 
Ava's level of understanding about aspects of NOS that emerged from her 
responses to the questionnaire and her interview. 
Table 10 
Ava's NOS Understandings 
NOS Understandings 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Is open to revision 
Is a human endeavor 
X 
X 
Based on empirical evidence/Is a way of knowing. Ava understands that 
scientific knowledge is based on empirical evidence, and that such evidence 
separates science from other ways of knowing about the world. Her 
understanding of these two aspects of the NOS is entwined. On the 
questionnaire, she addressed both aspects of the NOS simultaneously: 
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X 
X 
X 
One of the biggest differences between science and other disciplines is 
evidence. Scientists design experiments to collect data to support theories. 
These theories must be supported by data from many experiments and 
show replicable results. For the most part, science is ideas with lots of 
empirical evidence to support the ideas. (questionnaire) 
During her interview, she explained that, as a science teacher, her role is to teach 
students to use science as a tool to build upon current knowledge about the 
world. She believes that her role is to teach[ students how to make observations 
and take measurements to help understand the world. 
It is important to say to students: "I do not know, let's find out." I try to 
step away from teaching content as facts. It is important that students 
know that stuff, but I want students to know that they can find it so I need 
to teach them how to look for it and how to put the information together. 
Being able to look at science as a big picture of knowing about the world is 
the most important thing to get out of a high school education. (interview, 
April, 5, 2013) 
During one observation (April 5th 2013), Ava engaged students in the process of 
"coordinating patterns of evidence with current theory (NGSS, 2013)." First, 
students did library research and then they sorted through their findings to find 
evidence to support logical explanations for evolutionary relationships. During 
another observation (March 15th 2013), Ava told students about organic farming 
and industrial regulations, providing them with definitions and examples to 
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illustrate them. Then, she probed students to use that knowledge to make 
personal decisions about regulating and buying organic products from markets. 
Consists of a variety of methods. There is evidence that Ava's understanding 
of the variety of methods used in scientific investigations is limited to using the 
scientific method. Her questionnaire responses show that she understands that 
scientific investigations begin with "a good, scientific question based on 
observations (questionnaire)." But, they also show that she believes "you need to 
manipulate only one variable to design a testable experiment (questionnaire)." 
This is one example that shows Ava holds some accurate views about scientific 
methods, but that they are limited to experimental investigations that include 
controlled variables. 
Ava attributes her understanding of the aspect of the NOS to her own 
research experience as a graduate s1;udent in science education. She believes that 
it was not until that period of her education, that she "learned to physically 
observe the world" (interview, April, 5, 2d13)" and she "got the foundation for 
how to ask a research question, make observations, collect data, and then draw 
conclusions (questionnaire)." 
We were out in the park, designing programs for students and I think 
that's when it all came together. I finally got it by teaching it and by doing 
it. I had to think it through. (interview, April, 5, 2013) 
However, there is evidence that Ava's view is in transition, which means 
understanding that science encompasses a broad array of methods including 
observational and comparative studies. During her interview (April 5th 2013), 
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after she described an "eye opening professional development experience," Ava 
made the following statement: 
I find I am finally getting the grasp of how we can really do science not in 
the lab under controlled conditions. It is what a scientist does when he has 
a question and has to answer it. 
In planning to teach about scientific methods of investigation, Ava 
chooses activities that provide opportunities for students to engage in scientific 
inquiry as scientists do. During her interview (April 5th 2013), she explained why 
she chose one of the observed activities: 
I like that the activity does a good job of structuring how a researcher 
might look into evolution. It also generates a lot of questions from 
students. The activity really makes the students think about what a 
scientist would do to answer evolutionary questions. For example, 
students have to form hypotheses. They usually get stuck on that and say, 
"I don't get this, can you explain it better?" I try to ask them leading 
questions to get them to think about what a hypothesis is. I feel that 
hypothesis writing is something that is not stressed throughout school. I 
am trying to teach them this) dea that science is asking questions based on 
observations of phenomenon and trying to test them and find answers. 
That is why I like this lesson; I think that it gets to the nuts and bolts of 
science, which is: start with a strong hypothesis, test it, step-by-step. 
In the classroom, Ava taught the scientific method. The following is an example 
of a lesson she taught because it teaches about each step of the scientific method: 
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The activity it is scripted but it makes it very easy to teach it piece-by-
piece. First, students are told their beginning conditions. Then asked what 
they know about their conditions. The lesson does that every step. Next, 
it's "this is what you've observed, what do you think about that? Then, 
think about a hypothesis. Think about a way you can test it. Now you've 
done it and this is the evidence you've collected. What conclusions can 
you draw from that evidence?" It is the scientific method without spelling 
it out. I cannot always do the full experiment to carry out the full scientific 
method. This lesson is still nice because it shows students they are 
carrying out the scientific method even though it may not be written as 
"step 1, do this, step 2, do this." It shows them how it would be completed 
in full, if we could. (interview, April, 5, 2013) 
Open to revision. Ava holds an informed understanding of the idea that 
scientific knowledge is open to revision. She understands that scientific 
knowledge is open to revision based on new technologies, new evidence, and 
reinterpretation of evidence. On the questionnaire, she wrote, "theories can 
change because new minds may see the situation/ evidence differently. She 
understands the tentative nature of scientific knowledge. She explained that, in 
teaching, she uses theories as models to show that scientific knowledge is "not 
static (questionnaire)." However, Ava did not address this NOS understanding 
during the classroom observations. 
Is a human endeavor. Ava's understanding of science as a human endeavor 
is informed about specific aspects of the understanding while uninformed about 
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others. Ava recognized creativity and imagination in regard to developing 
scientific investigations: 
You need to look at problems creatively in order to find a good 
experimental design. Creativity plays a role in making observations and 
asking questions. It also plays a role in experimental design and 
designing/ choosing equipment. (questionnaire) 
However, she did not recognize creativity and imagination in regard to data 
collection and after data collection: 
I don't feel that creativity will have any benefit in data collection, 
observation, or interpretation of the data. Data collection is a key thing 
that must be done methodically. (questionnaire) 
On the questionnaire, Ava did not recognize scientists' backgrounds and 
theoretical commitments influence their findings. Her responses showed that she 
struggles with the idea that culture and society influence the development of 
scientific knowledge: "science may pick up hints of different culture but science 
also has its' universal values (questionnaire)." 
Ava did not address this aspect of the NOS with her students. In her 
teaching, she did not provide historical examples of scientists working to answer 
questions about the natural world nor did she provide opportunities for students 
to take on the role of scientists. 
Summary. It appears that Ava's laboratory research experience had a 
negative influence on her overall view of doing science as a career. However,--it 
does not appear to have made an impact on her NOS understandings. Ava holds 
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a somewhat informed understanding of the NOS as evidenced by her 
questionnaire responses. For example, she recognized that investigations begin 
with a question and scientists use a variety of tools and techniques to make 
observations and measurements. While there is evidence that she is motivated to 
teach the scientific method in the classroom, she also recognized descriptive 
methods of investigation in her teaching. In regard to science as a human 
endeavor, she struggled with understanding the complete role of creativity in the 
development of scientific knowledge and did not teach about science as a human 
endeavor. 
In her teaching, Ava did not make explicit references to NOS 
understandings. Rather, Ava integrated learning and using inquiry skills and 
inquiry-based activities into lessons. Although she does not make it a learning 
objective, Ava believes that there is great value in understanding that science is a 
way of knowing about the natural world. She likens understanding the NOS 
with being scientifically literate and being able to "make good choices (interview, 
April, 5, 2013)." 
Meg. Meg is a teacher at a small urban public charter school. She was born 
and educated outside of the United States. She has not participated in authentic 
scientific research but, as part of her Master's degree program, she developed 
and conducted a research study for a research methods course. Meg has been 
teaching general level biology as well as AP level biology for two years at her 
school. Prior to teaching science she provided special education services at the 
school, where 19% of the student population qualifies for special education 
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services. Megs' school is comprised of 56% White, 20% Afro-American, and 18% 
Hispanic students. Fifty percent of the student population at this school qualifies 
for free and reduced-price lunches. Of the students at Megs' school who took the 
ST &E portion of the MCAS during 2012-13, 47% received passing scores. Megs' 
school enrolls students in grades five through twelve. 
Scientific research experience. Although Meg has not participated in 
authentic scientific research because her research experience does not meet the 
criteria set forth by the AAAS (1989), she studied science as an undergraduate 
and she completed courses in educational research methods as part of her 
graduate degree program. Meg holds two undergraduate degrees; she earned a 
BA in Journalism and a BS in Genetics from an overseas university, where she 
was born. After graduating with her undergraduate degrees, Meg came to the 
United States as a journalist and subsequently returned to graduate school to a 
Special Education Master's Degree. As part of the program, Meg took an 
education research methods course. She explained that she "got very frustrated 
with the course because it was basic research that they were teaching (interview, 
March, 29, 2013)," which she was already familiar with from her secondary 
school experience. Meg designed and executed a research protocol in her school. 
She enjoyed doing the research project more than other parts of the degree 
program because she believes that "doing actual research is interesting, 
engaging, and fun (interview, March, 29, 2013)." 
During the last year, Meg participated in a week-long AP Biology training 
course. As part of the experience, Meg completed each of the required AP 
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Biology labs but she recognized that it was not a "genuine research experience 
(interview, March, 29, 2013)." 
Rationale for teaching science. Meg changed career paths to purse 
teaching science shortly after coming to the U.S. Having quit her job as a 
journalist, she started substituting at a large, suburban high school which she 
described as "a horrible experience (interview, March, 29, 2013)." During her 
interview, Meg explained that she was expected to teach science using a lecture-
based teaching style, which was devoid of any hands-on experiences. 
During the period that Meg was a substitute teacher, she became 
motivated to teach science the way she learned science during secondary school, 
incorporating more real-world connections and research experiences for 
students. Subsequently, she got her Special Education Master's degree and took a 
job at her school. Then, she got certified to teach biology. She explained that she 
likes teaching at her school because she can teach science how she believes it 
should be taught: "I feel like I can teach using whatever practices I believe are 
effective in my class (interview, March, 29, 2013)." 
NOS understandings and implementation. Megs' responses to the 
questionnaire provided examples from her teaching. For example, her 
description of a good experiment was based on a lab that I observed her 
teaching. In another response she explained that she uses the theory of Evolution 
in teaching that scientific knowledge is open to revision. Table 11 shows the level 
of Meg's NOS understandings about aspects of the NOS that emerged from her 
questionnaire responses and interview comments. 
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Table 11 
Meg's NOS Understandings 
NOS Understandings 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Uses a variety of methods 
Open to revision 
Is a human endeavor 
X 
X 
X 
X 
X 
Based on empirical evidence. Meg understands that "scientific knowledge is 
based on empirical data (questionnaire)" as evidenced by the explicit statement 
in her survey responses. For example, she explained, "experimental data is used 
to refine and expand scientific knowledge (questionnaire)." In her teaching, Meg 
required students to provide evidence to support their claims. She probed them 
with questions that require more than a yes I no answer or recall information. 
During one observation (March 11th 2013), students made hypothesis about plant 
development in a variety of conditions based on data they collected. Then, they 
used that data to explain their hypothesis to Meg. During a second observation, 
Meg required students to look at patterns of data using information from 
cladograms to support their explanations for evolution. 
Is A Way of Knowing. Meg has an informed understanding about science as 
a way of knowing as evidenced in her questionnaire responses, interview 
comments, and in her teaching practices. For example, in planning for teaching 
about science as a way of knowing, Meg purposefully chooses inquiry 
experiences that enable her to easily embed learning about how science is done 
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outside of the classroom because she believes it is a more valuable learning 
objective than simply getting accurate data. 
For me modeling how science is done is more important than students 
learning to collect data. Learning the scientific way of problem solving is 
more important to me. I can give the students tables of data but I cannot 
do the thinking for them. (interview, March, 29, 2013) 
Another example of Meg embedding students learning about science as a way of 
knowing is evident in how she utilized science fair projects to make implicit 
references to the idea that "science is both a body of knowledge and the 
processes used to expand that knowledge (NGSS, 2013)." 
We did a science fair but I was not interested in entering any competitions 
or anything. Rather, the plan was to give students an opportunity to 
develop their own questions and ways to answer those questions. For 
example, students had to come up with hypotheses, ways to take 
measurements, and ways to collect and analyze the data. Without going 
through this process, especially in biology, students believe that science is 
just memorizing a bunch of ideas and there is no point to that other than it 
is important because you have to know the vocabulary. Also, there are 
things you have to memorize otherwise you cannot make connections to 
them but, the refrain I always hear is, "I hated biology in high school 
because it's all these things that I have to remember." Actually, science is 
about understanding how these ideas fit together; it's about how things 
work. People can answer their own questions using the scientific process 
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when they understand science is knowledge and process. (interview, 
March, 29, 2013) 
She believes that her understanding of science as both current scientific 
knowledge and the processes used to develop and expand that knowledge has 
been influenced by her experience learning science. 
I am not American so I have an outsider perspective. It has always struck 
me that American students don't do as well on tests of science and math 
as students from some other cour ries do but they do really well on 
English tests. American students do better on English tests in comparison 
with how they do on math and science tests. Why? They're obviously able 
to memorize things as well as anybody else. So what is the difference? 
Maybe it is the difference in the fundamental understanding of how 
things work, how science is basically the answering of questions, and how 
scientific problems can be figured out using logic. Maybe it is in the way 
that science is taught in America versus in other countries. In America it is 
all about memorizing but that is not what understanding science really is. 
(interview, March 29, 2013) 
Meg wants her students to understand that science influences society and 
that society influences science; she views science and life as intertwined. During 
her interview (March 29th 2013), she explained how her research background has 
influenced how she thinks about the connections between classroom science and 
real world situations. 
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(Science) is life; science is what we do every day and, with a little bit of 
guidance, anyone can do science. It's not hard if you understand how 
science is done. 
For example, in teaching about evolution and allele frequencies, Meg began by 
introducing the Hardy-Weinberg mathematical model of population genetics. 
Then, she had students apply the model to a simulated situation and compare 
their actual results with the predicted results from the model. Next, she 
connected what they did with real world examples from popular culture 
including the Survivor television program. Students then used a personal trait, 
collected class data, and compared the results from a small population with the 
expected results from a larger population. Finally, Meg prompted students to 
make connections with examples from history. Meg used their historical 
examples to expand on what students were learning about reproductive 
advantage and evolution. For example, after discussing the efforts to alter allele 
frequencies in Nazi Germany with students, Meg challenged them to apply what 
they know to other examples. 
What if a specific trait, such as eye color, only confers an advantage in 
sp~cific environments like cold temperatures and it is a disadvantage in 
warmer climates? Extrapolate from our example of Nazi Germany where 
blue eyes were advantageous. Blue eyes are a disadvantage in Spain 
where it is warmer. What is going to happen with allele frequencies in 
these examples? (observation transcript, March 11, 2013) 
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Consists of a variety of methods. Meg understands that scientific 
investigations use experimental methods involving controls as demonstrated by 
her questionna~re responses: 
A good experiment measures the effect of only one variable, it measures 
quantitative, measureable results, and it has a control. There are also a 
sufficient number of replications. 
However, she did not demonstrate understanding that scientific investigations 
use a variety of methods including observational and descriptive methods. In 
describing her personal research experience, Meg likened scientific investigation 
with using experimental methods and collecting quantitative data. She does not 
have experience with other research methods or with qualitative data. During 
her interview (March 29th 2013), she explained that non-experimental methods 
and qualitative data are "soft" science, which is why she does not recognize them 
in her teaching. 
Open to revision. Meg understands that scientific knowledge is open to 
revision as evidenced in her questionnaire responses. Meg believes that "science 
is an attempt to explain the world (such that) we will never know everything 
(and) as more data is collected; theories expand or change, depending on the 
data (questionnaire)." In her questionnaire responses, she provided examples to 
support her understanding: 
Evolutionary theory has expanded significantly since Darwin proposed 
his theory especially since the molecular genetics revolution of the 20th 
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century, which developed new technologies and new ways to look at the 
evidence. 
Is a human endeavor. Meg holds an informed understanding about science 
as a human endeavor as demonstrated in her questionnaire responses, her 
interview comments, and her teaching practices. For example, in her 
- questionnaire responses, she recognized that creativity and imagination play a 
role throughout the scientific research process. In one response, Meg stated: 
"Creativity and imagination play a role throughout the scientific process." She 
expanded her answer with examples from her teaching that showed how she 
encourages her students to be creative in designing experiments and in data 
collection. For example, during one classroom observation, Meg probed her 
students for ways to measure plant height, encouraging creative ideas and new 
ways to measure. 
Meg also recognized that science is influenced by differences in culture 
and society. She believes that her personal experience learning science in two 
different countries that have "different problems to address (interview, March, 
29, 2013)" influences her understanding of this aspect of the NOS. The following 
excerpt is an example that Meg used to illustrate her view of culture and its' 
influence on the scientific endeavor: 
A simplistic example of the role that culture plays in the development of 
scientific knowledge specifically in agricultural research is that of a 
scientist in the Gauteng province of South Africa who is more likely to 
research drought resistance than a scientist in Massachusetts, whereas a 
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scientist in Massachusetts is more likely to research the effect of cold 
winters than the scientist in Gauteng. A more complex example deals with 
the effect of culture and ethics on the development of scientific 
knowledge. In Europe, for example, embryonic stem cell research is much 
more widely accepted than in the US and thus will likely lead to more 
advances in knowledge. (questionnaire) 
In teaching, Meg called students' attention to the idea that bias is inherent in 
science because establishing scientific knowledge through research is a human 
endeavor. The following is an example of this: 
Meg - So based on the data, I am going to reject my null hypothesis. That 
means it is not due to random chance. So I would I explain the difference 
between my expected and my observed? 
Student- Infinitely large populatioj" 
Meg- But my null hypothesis is rejected based on my data. 
Student- There was not an infinitely large population. 
Meg- There we go. We did not have an infinitely large population. We 
might say that since I did all the picking (of allele combinations) that I 
have a preference for picking. If a card is folded, I know what it is. That is 
another potential bias. The point is, scientists cannot control 
environmental conditions as they are in the mathematical model. 
(observation, March, 11, 2013) 
Meg also calls students' attention to the idea that science is a collaborative effort 
and the implications that has on the development of scientific knowledge. 
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At the beginning of the year we had a long discussion about collaboration 
among scientists and why it's actually critical to the nature of science to 
have such collaboration. For example, I called students' attention to how 
collaboration increases the number of trials that can be performed in a 
short period of time, how it aids in refining data, how it helps with 
coming up with new ideas on how to test something, and how it helps in 
adding evidence to scientific theories; adding information to expand and 
refine what is known. (interview, March 29, 2013) 
During one observation, Meg repeated, "science is a collaborative effort, 
science is always a collaborative effort (observation transcript, March, 11, 2013)" 
to her students as she encouraged them to help one another by collecting data 
and pooling it together. She prompted them to identify how such collaborative 
efforts are useful: 
Meg - This is one of the frustrations of doing science; you often have to 
wait for things to happen. So while we wait, we might as well do 
something useful. I will get the plants. You may have planted more than 1 
seed but it does not matter so long as you count the number of plants 
because as we are working with data, we can average the number so that 
your total does not matter as much. The more data we have, the better. 
Why is that? 
Student- Less variability. 
Meg- What else? 
Student- More accuracy. (observation tra;nscript, March, 11, 2013) 
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Meg also uses implicit teaching practices to teach the NOS. During her 
interview, Meg provided the following example of how she embeds students' 
learning about aspects of the NOS into inqairy experiences. In this case, she used 
an AP Biology lab to teach that scientific knowledge is based on empirical 
evidence and that science is a human endeavor. Interestingly, Meg believes that 
most teachers would shy away from this experiment rather than using it to 
address the NOS with their students. The following excerpt from her interview 
(March 29th 2013) is an example of Meg embedding students' learning that 
"scientists rely on human qualities such as persistence, precision, reasoning, 
logic, and creativity and imagination (NGSS, 2013)" into inquiry experiences: 
Several of the teachers who di
1
d the AP biology lab professional 
development training with me during the summer said they would not do 
a specific lab because it is twelve weeks long. Their belief is that if 
something goes wrong halfway through, then the students don't have 
plants, then what would be the point? They believe that then the 
experience ends. I believe, through such an experience, kids learn about 
how science is done in the real world. For example, the students learn that 
things don't always go according to plan. They can learn how to solve 
their problems. For example, if there is no data that they gathered, then 
they will have to start the process all over again. If there is useful data 
from until things went wrong, then they can work with that data. If the 
whole experiment works, then it is a fantastic experience and they can say, 
"We did a twelve week research project and we kept the plants alive and 
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we measured them every week and we wrote the research paper just like 
scientists do." And, that gives students a huge sense of accomplishment 
instead of just thinking, "next week we do another lab and then the week 
after that we do another lab." 
Summary. Although Meg has limited scientific research experience, she 
has a more informed view of the NOS, including that science is a human 
endeavor. She also prioritizes teaching about the NOS often, using both implicit 
and explicit teaching practices. Overall, she views understanding the NOS as 
having a high utility value for her students both within and beyond the 
classroom. 
Nikki. Nikki has been teaching general level biology and AP level biology 
at a large urban school for eight years. The student population at her school is 
comprised of 80% White and 26% Asian students. Of the students at this school, 
45% of them qualify for free or reduced-priced lunches and 12% are ELLs. Of the 
students who took the ST &E portion of the MCAS during 2012-2013, 66% scored 
proficient or above. 
Scientific research experience. Although Nikki has not participated in 
authentic scientific research, she has a range of experience working in research 
laboratory. As an undergraduate student, Nikki majored in psychology. During 
that period, she participated in a work-study job program, cleaning cages in an 
animal behavior lab. As part of her work, she collected and recorded data for 
graduate students in the lab. As an undergraduate, Nikki also worked in a 
language lab, recruiting subjects and transcribing interview transcripts for the 
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researchers in the lab. As part of her graduate program in education, Nikki 
completed a research-based thesis, however, she did not develop her own 
research question nor did she develop the research protocol. 
Rationale for teaching science. Science always interested Nikki but 
teaching science was not her first career after completing her undergraduate 
education. Prior to teaching, Nikki worked as an embalmer at a funeral home for 
a few years, until the funeral home went out of business. Subsequently, Nikki 
worked as a student teacher, teaching math, which she did not enjoy teaching so 
she took a position teaching science. She explained that II science is the most fun 
(subject) to teach (interview, January, 9, 2013)" because it incorporates a lot of 
hands-on activities. She also explained that she teaches because it fits with 
having a family. 
NOS understandings and implementation. Nikki is informed about some 
aspects of the NOS. This was mostly shown in her questionnaire responses. 
There was little evidence of Nikki's NOS understandings in either her interview 
comments or in her teaching practices. Table 12 shows Nikki's understanding of 
aspects of the NOS that emerged from her questionnaire responses, interview 
comments, and her teaching practices. 
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Table 12 
Nikki's NOS Understandings 
NOS Understandings 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Open to revision 
Is a human endeavor 
X 
X 
X 
Based on empirical evidence. Nikki understands that science is based on 
empirical evidence, which she showed in her questionnaire responses. For 
X 
X 
example, she explained that, "Science seeks answers through experimentation 
and evidence and analysis. Other ways of knowing do not seek evidence." 
In her teaching, Nikki explained that she has been making an effort to 
teach that scientific knowledge is based on empirical evidence by requiring 
students to use evidence to support their ideas. 
Concentrating on the data and analysis and drawing conclusions are so 
important for a student to learn. Now, I constantly tell the advanced 
classes to give scientific support to any conclusion, using the data as 
fitting the piece into the puzzle ... I was getting frustrated that students 
would mention an outcome as being "not expected" and leave it at that or 
blame human error. I want them to think about what could have caused a 
particular outcome and to be able to support that idea with scientific 
evidence. (follow-up interview, January, 3, 2013) 
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However, during the classroom observations in this study, she did not create 
opportunities for students to support their explanations using evidence. Rather, 
the questions she posed required recalling information only. 
Is a way of knowing/open to revision, Nikki understands that science is a 
unique way of knowing and there are other ways of knowing as evidenced in her 
questionnaire responses. 
Science seeks answers to questions through experimentation and 
evidence. Philosophy answers questions with questions and does not base 
theories on evidence and analysis. The basis of religion is belief, not 
evidence. (questionnaire) 
She demonstrated that her understanding about science as a way of 
knowing is entwined with her understanding about the tentative nature of 
scientific knowledge. For example, she recognized that "science is both a body of 
knowledge and the processes used to refine, elaborate, revise, and extend this 
knowledge (NGSS, 2013)," while also recognizing that scientific knowledge is 
durable, but tentative. 
I show the video "Cancer Warrior" because it details the years of trial and 
error and the processes involved with finding a molecule that inhibits 
angiogenesis beginning with the scientists' observations, his research 
question, and ending with the methods he used. It emphasizes that 
scientific knowledge is not based on one trial and that disappointment 
and repeated attempts to answer a scientific question are part of the 
process of expanding what is known. (questionnaire) 
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On her questionnaire, she explained "Nothing is permanent in science as new 
discoveries are being made every day" and scientific theories are subject to 
change "if new discoveries are made." 
In addition to showing "Cancer Warrior" Nikki uses other videos in class 
to teach about the history of scientific knowledge that includes refinement of 
ideas over time. For example, she shows "Cracking the Code" and stated that she 
"discuss(es) how science has expanded our knowledge aboutthese diseases since 
the video was made" (follow-up interview, January, 9, 2013). Based on these 
classroom discussions, Nikki has had students complete a library research 
assignment to learn more about the relationship between scientific and 
technological advances and current understandings about genetic disease. 
However, Nikki explained that she has not assigned this research project to 
students recently because her students were unfamiliar with doing library 
research and they found reading peer review journal articles difficult. 
In the classroom, Nikki did not emphasize science as a way of knowing or 
the tentative nature of scientific knowledge in her teaching. She explained that 
she believes that the purpose of classroom science is to provide students with a 
basic foundation of scientific knowledge that they may apply later in life if they 
are asked to discover scientific knowledge. She does not view it as necessary for 
students to understand the NOS to pass standardized exams, which, she 
explained, is the goal of many students just "trying to get through the class 
(interview, January, 9, 2013)." 
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Consists of a variety of methods. Nikki equates the process of scientific 
investigation with using experimental methods that involve controls. She 
demonstrated her limited view of scientific research methods in her survey 
responses, interview comments, and in her teaching practices. For example, on 
the questionnaire Nikki explained, "any great experiment has controls and a 
control group." 
During her interview, Nikki explained that, each year, she requires that all 
of her students complete a science fair project. As part of the assignment, 
students are required to design an experimental protocol involving controls in 
seeking answers to their scientific questions. In preparation for assigning the 
science fair project to her students, Nikki begins the year by teaching the 
stepwise process of the scientific method as presented in science textbooks. 
In the classroom, Nikki utilized prescribed laboratory activities, which 
required students follow a prescribed experimental procedure using controls. 
During one class Ganuary 3rct 2013), she embedded students learning about 
aspects of photosynthesis into a hands-on laboratory activity. Students chose a 
test variable from a limited number of variables that Nikki made available to 
them. Then, students followed the traditional scientific method to collect their 
data. 
Is a human endeavor. Nikki holds a limited view of science as a human 
endeavor. For example, in her questionnaire responses, Nikki limited the role 
that creativity plays in the development of scientific knowledge to the planning 
and design stage. However, her questionnaire responses showed that Nikki 
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recognized the role of interpretation in the development of scientific knowledge 
such that scientists' backgrounds may result in potential biases and influence 
their findings: 
Two sets of scientists can perform similar trials to answer the same 
question, but the interpretation of the data could lead to different 
conclusions. (questionnaire) 
Additionally, as shown in her questionnaire responses, Nikki recognized that 
"science is cultural and there are many cultural factors influencing decisions in 
science including cultural beliefs and the development of certain experiments." 
In teaching, Nikki frequently employs group work. However, she does not 
use it to teach about the role that collaboration plays in the development of 
scientific knowledge. Rather, she explained that working collaboratively is a life 
skill and one that gets reviewed for college and job applications, which is what 
she reminds students about during group work (follow-up interview, January, 3, 
2013). 
Addresses questions about the natural and material world. Nikki's interview 
comments showed that she understands and teaches about this aspect of the 
NOS. For example, Nikki "discusses the Human Genome Project and shows the 
video, Cracking the Code, which brings up ethical issues around gene 
sequencing (follow-up interview, January, 3, 2013)." Subsequently, she prompts 
her students to think about ethical issues and science including "patents on 
genes, genetic screening, and cancer research, and medical research around 
genetic diseases, including Tay-Sachs disease (follow-up interview, January, 3, 
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2013)." In preparing to teach about this aspect of the NOS, Nikki is motivated by 
her belief that "applying science to real life aspects (follow up interview, January, 
3, 2013)" engage students in learning science. 
Summary. Nikki does not have ASRE but she has worked in a research 
laboratory and participated in aspects of scientific inquiry, including data 
collection and analysis. She holds informed views about some aspects of the 
NOS, which were mainly evidenced in her questionnaire responses. She believes 
that science is done using experimentally controlled methods and she did not 
recognize other ways of doing science. Her teaching conveys the misconception 
that the traditional scientific method is the only way that scientific research is 
done. During her interview, she explained that the science textbook is her main 
reference, which, she admits, makes doing inquiry difficult since the textbook 
does not emphasize doing authentic inquiry in the classroom. In planning for 
teaching, her primary motivation is preparing students to pass standardized 
tests, which, she believes, do not test students' NOS understandings. 
Polly. Polly teaches at a suburban regional vocational high school where 
26% of the student population is SPED and SO% qualifies for free or reduced-
price lunches. She has been teaching general level and AP level biology for ten 
years, including the year that she worked as a substitute teacher at the school. 
Polly's school is comprised of 60% White and 19% African American students. Of 
the students at her school, who took the MCAS during 2012-2013, SO% passed the 
ST &E biology exam. 
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Scientific research experience. Polly's research experience is limited to the 
labs that she carried out as a student during high school and undergraduate. She 
has not participated in authentic scientific research. She believes that authentic 
research experience might benefit her teaching: 
I feel that real world lab or experimental science experience could 
absolutely benefit me, anyone for that matter, as a teacher of biology. It 
would perhaps give me a greater appreciation for the "process" of 
experimentation and the long hours some put in to get a glimmer of 
evidence for a project. The experiences gained in such fields could 
translate to the classroom. (interview, June, 18, 2013) 
However, she explained that, "the knowledge gained in college in my lab classes 
suffices for what I need to teach, demonstrate and perform at this level 
(interview, June, 18, 2013)." 
Rationale for teaching science. Polly holds a Bachelor's degree in General 
Studies. During that period, she also minored in Secondary Education. After 
graduating from undergraduate, she was uncertain about what type of career she 
wanted to pursue but had always had an interest in science. Polly worked as a 
long-term substitute position, teaching science and math. After one year, Polly 
took a full time teaching position, teaching biology, at her school and earned her 
master's degree in education on-line. During her interview (June 18th 2013), she 
explained that her job is to prepare students to "get adequate scores on the 
MCAS:" 
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The state sets forth what and how much of something they feel all 
students in the state should know and be able to regurgitate back in the 
form of multiple choice questions and essays. It is my job to make sure 
that every child I have in class can do just that. If that goal is not reached, 
then my evaluation could be compromised and thus my livelihood. 
NOS understandings and implementation. Polly's responses to the 
questionnaire were vague, which made them difficult to understand. For 
example, she believes that science is unique compared with other ways of 
knowing because it "is raw and can be seen, touched, and observed 
(questionnaire)." She explained that "a good experiment is one that the scientist 
can actually test their hypothesis (questionnaire)." Table 13 shows Polly's level of 
understanding about aspects of the NOS that emerged from her responses to the 
questionnaire and her interview comments. 
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Table 13 
Polly's NOS Understandings 
Category 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Open to revision 
Is a human endeavor 
NOS Understandings 
No Somewhat Yes 
X 
X 
X 
X 
X 
Based on empirical evidence. Polly did not demonstrate any understanding 
about this aspect of the NOS in her questionnaire responses, her interview 
comments, or through her teaching practices. 
Is a way of knowing. Getting students excited about science is important to 
Polly because she believes that science is "the field of the future (interview, June, 
18, 2013)." However, she does not believe that high school students need to 
understand the NOS to pass standardized exams, which, she believes, is the 
primary objective of science class. Polly also explained that she does not have 
time to apply science to real world situations during the school year (follow-up 
interview, June, 17, 2013). At the end of the year, after students complete their 
standardized exams, they view the film, GATTACA, which is Polly's way of 
addressing this aspect of the NOS with her students. 
Consists of a variety of methods. Polly's understanding about this aspect of 
the NOS was not demonstrated through either her questionnaire responses or 
her interview comments. In her teaching, she uses activities that reinforce the 
steps of the scientific method. She also uses lab activities that have known 
outcomes; she does not incorporate open-ended lab activities in her classroom 
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because she believes that they are "laborious and simply impossible to complete 
during class (follow-up interview, April, 3, 2013)." 
However, in planning for teaching science, Polly is motivated to teach that 
science is a process and how it is done. For example, during one observation 
(March 4th 2013), Polly reviewed material about Gregor Mendel. She probed 
students for answers to why he chose to study pea plants. She made implicit 
references to the idea that "scientists' choice of what methodology to use, 
including what subject to study, influences their findings (NGSS, 2013)." 
Open to revision. Polly did not address this aspect of the NOS in her 
interview comments or through her teaching practices. On the questionnaire, she 
demonstrated a limited understanding about the tentative nature of scientific 
knowledge: "(scientific knowledge) can be disproven or new information may 
evolve." Rather than teach about this aspect of the NOS, Polly believes that her 
job is to "expose (students) to scientific information based on the subject matter." 
She does not view teaching about aspects of the NOS and teaching science 
content as entwined, but as two, separate approaches to teaching science. 
Is a human endeavor. Polly holds a very limited view science as a human 
endeavor. In her questionnaire responses, she explained that she does "not feel 
that there is much room for creativity in the scientific process." Rather, she 
wrote, "the process of scientific inquiry is concrete (questionnaire)." In her 
teaching, Polly does not address the relationship between culture and science. 
She explained that "everything is somewhat driven by culture but science is 
supposed to be concrete and it's the same throughout the world (questionnaire)." 
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She believes this topic "should not be discussed in class because it is involves 
(her) personal view" and her job, as a teacher, is to "expose students to subject 
matter (questionnaire)." 
There is evidence that Polly understands and addresses some aspects of 
science as a human endeavor in her teaching. For example, Polly understands 
that scientific "research takes a lot of time and there can be many failed attempts 
(interview, June, 18, 2013)." During one observation (March 4th 2013), Polly called 
students' attention to this idea that scientists rely on human qualities such as 
persistence and precision. While students completed a Punnett square problem 
set, she frequently repeated: "it is okay to not get the expected or hoped for 
outcome on the first or second trial (observation transcript, March, 4, 2013)." 
However, this example also implies that Polly believes eventually students 
should get the expected outcome, which teaches the misconception that scientists 
seek to find one, existing answer to a question. 
Summary. Polly is very practical in her thinking about what students need 
to know about science; she believes they need to know enough science to pass 
the MCAS and her teaching reflects these goals. Polly uses a lecture-based 
teaching style, which, she explained, is how she learned science. Although she 
believes that understanding the NOS is important later in life, she does not view 
• I 
it as necessary to pass the MCAS, and thus does not make efforts to implement 
the NOS in her classroom. 
Todd. Todd is a male, Caucasian teacher at a large suburban high school. 
Todd has been teaching general level and AP level biology, as well as, 
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environmental science for three years at his school, where 17% of the student 
population receives SPED services and 12% qualify for free and reduced price 
lunches. Todd's school is comprised of 68% White, 26% Hispanic, and 3% Afro 
American students. Of the students at Todd's school, who took the ST&E portion 
of the MCAS during 2012-2013, 89% scored at or above proficient. 
Scientific research experience. Todd has not participated in authentic 
scientific research. He believes that having such experience would be helpful to 
him, as a science teacher, specifically when teaching about "certain topics 
including genetics (interview, June, 12, 2013)." 
Rationale for teaching science. Todd holds a BS in Forestry and Wildlife 
Management. After graduating with an undergraduate degree, he worked for a 
state park system, which led him to work as an educator for an outdoor 
education center, leading school groups on outdoor investigations through the 
state parks. After five years of holding a seasonal position, Todd took a full time 
teaching position, as a biology teacher, at a small, private school. Subsequently, 
he became a science teacher at his current school. During his interview Gune 12th 
2013), Todd explained that his position as an outdoor educator influences how he 
teaches: "It really opened my eyes to how important hands-on lessons can be for 
a student." However, be believes that "state standards and standardized tests 
have the largest influence on what (he) teaches (interview, June, 12, 2013)." 
NOS understandings and implementation. Todd holds a less informed 
view about the NOS. Table 14 shows his understandings about aspects of the 
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NOS that emerged from his questionnaire responses and his interview 
comments. 
Table 14 
Todd's NOS Understandings 
Category 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Is open to revision 
Is a human endeavor 
NOS Understandings 
No Somewhat Yes 
X 
X 
X 
X 
X 
Based on empirical evidence. Todd did not demonstrate an understanding 
about this aspect of the NOS in his interview comments or through his teaching 
practice. In his questionnaire responses, he made a vague reference to the role 
that empirical evidence plays in separating science from other ways of knowing: 
"science supports opinions with facts." 
Is a way of knowing. Although Todd did not demonstrate that he 
understands this aspect of the NOS in his questionnaire responses, his interview 
comments demonstrated that he believes that students should understand that 
science knowledge helps us understand the world. During his interview Gune 
12th 2013), he explained that he wants students to "realize there is a use for 
scientific knowledge and scientific skills." In planning to teach about this aspect 
of the NOS, Todd is motivated to "give students a small taste of real world, 
practical science, which is something they rarely get in school (interview, June, 
12, 2013)." He explained that an ideal unit is comprised of "a video to illustrate 
the real world applications of content, and a lab, experiment, or other project to 
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expand, apply, and utilize the information (interview, June, 12, 2013)." During 
one of the classroom observations (June 10, 2013), Todd challenged students to 
develop a research protocol based on a question that had some purpose in their 
lives. In this example, Todd was trying to get students to apply what they 
learned in class to their lives. Todd did not address this aspect of the NOS during 
the other classroom observations. 
Consists of a variety of methods. Todd demonstrated that his understanding 
about scientific investigation is limited to experimentally controlled methods. 
Todd views the traditional scientific method as the only process by which 
scientific knowledge is developed. His questionnaire responses showed this by 
repeatedly referring to the scientific method without recognizing other ways of 
doing science. For example, he explained that science differs from other ways of 
knowing because it "follow(s) the scientific method." In another questionnaire 
response, he stated that "strictly following the scientific method" is the 
cornerstone of a good experiment. 
In assessing students' understandings about scientific research methods, 
Todd seeks knowledge of components of the scientific method. During one 
observation (June lOth 2013), Todd's students worked to develop experimental 
protocols, seeking answers to their questions. His rubric demonstrated that he 
believes good scientific questions "suggest an experimental protocol, which 
includes a hypothesis that relates cause and effect (artifact, June, 10, 2013)." He 
believes that a good experiment "tests an independent variable (and) includes 
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control variable(s) (artifact, June, 10, 2013)." His rubric did not allow for any 
other scientific methods such as descriptive research protocols. 
Todd understands that science investigations begin with questions, which 
determine the methods. For example, he probed students to develop a scientific 
research question by asking, "What is your initial question? Why do you have 
that question? Why do you want it answered (observation transcript, June, 10, 
2013)?" Then, he explained, "Once you have your question, you have to think 
about how you will test it. You can't think about how you will test it until you 
have the question (observation transcript, June, 10, 2013)." 
Open to revision. Todd's questionnaire responses evidence a limited 
understanding about the durable, yet tentative nature of science. For example, he 
attributed any changes in scientific knowledge to the accumulation of new 
knowledge and did not include the reinterpretation of existing data from 
different perspectives in his response. In his teaching, he does not recognize the 
tentative nature of scientific knowledge. During one observation, he explained 
that scientific knowledge cannot change based on evidence from new 
experiments. 
I don't want you to develop an experiment to see something that's a well-
established fact. For instance a couple people talked about plants in 
different growing conditions. It's a well-established fact what wavelengths 
of light plants need to grow in so doing an experiment to test what the 
most efficient wavelength of light is pointless. (observation transcript, 
June, 10, 2013) 
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Is a human endeavor. Todd's questionnaire responses showed that he limits 
the role of creativity and imagination to "the initial planning and designing of a 
hypothesis," rather than recognizing that it plays a role throughout the scientific 
process. In another questionnaire response, he extended the role of creativity and 
imagination to include developing an experimental protocol. 
Students think experiments are just a set of written directions and forget 
that the original experiment did not have a set of directions to follow. It 
was designed to answer a question. 
During his interview Gune 12th 2013), he demonstrated that he believes 
creativity is important to science. He explained that he assesses students' use of 
creativity in developing scientific investigations. 
The main points that I am looking for in their lab report include their use 
of creativity, their organization, their analysis, and their conclusions. In 
order to earn an A, students must have chosen a topic of interest, be well 
organized, and be able to analyze their results and decide whether their 
experiment was valid or flawed. 
Summary. Todd did not demonstrate a complete and accurate 
understanding of the NOS. His questionnaire responses showed a less informed 
understanding about many aspects of the NOS. His interview comments and 
teaching practices demonstrated a more accurate understanding in comparison 
with his survey responses, but were limited. In teaching, Todd frequently probes 
students with recall questions. During his interview Gune 12th 2013), he 
explained that he "mainly teach(es) to the test," which, he believes, limits his 
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ability to provide opportunities for students to apply what they learn to real 
world situations. For example, although he explained that he assesses students' 
creativity during lab activities it was not included on his rubric. 
Mel. Mel has been teaching high school biology at the same suburban 
high school for seven years, where the student population at Mel's school is 
comprised of 58% White, 6% Hispanic, and 5% Afro American students. Of the 
students at her school, 30% qualify for free and reduced price lunches. Eighty 
one percent of students at this school who took the ST &E biology portion of the 
MCAS during 2012-2013 achieved a passing score. 
Scientific research experience. Mel has not participated in authentic 
scientific research. She holds a BS in physical therapy. As an undergraduate, she 
did not work in a research laboratory but dissected cadavers. 
Rationale for teaching science. As part of her physical therapy program, 
Mel completed a variety of internships. She explained that she loved the hands-
on aspect of the work. At the time of her graduation, Mel observed that there was 
a change in the amount of hands-on work physical therapists were doing such 
that they were doing less hands-on work with patients and more paperwork. 
Subsequently, she worked for a test preparation company, managing hundreds 
of offices around the world. After two years, she quit, got certified to teach 
science in Massachusetts, and started teaching biology at her school. She 
explained that "she will not leave" teaching" because she "know(s) it is (her) 
career (interview, May, 29, 2013)." 
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NOS understandings and implementation. Mel demonstrated a more 
informed understanding about many aspects of the NOS and a limited view 
about others in her questionnaire responses. During her interview, she provided 
many examples of teaching about the NOS from her teaching practice. Table 15 
shows Mel's understandings about aspects of the NOS that emerged from her 
questionnaire responses and her interview comments. 
Table 15 
Mel's NOS Understandings 
NOS Understandings 
Category No Somewhat Yes 
Based on empirical evidence 
Is a way of knowing 
Consists of a variety of methods 
Is open to revision 
Is a human endeavor 
X 
X 
Is a way of knowing/based on empirical evidence. Mel understands that 
science knowledge helps us understand about the world. 
X 
X 
X 
I want them to have an appreciation for how science fits into the world 
and how we understand the world and that advances in science are going 
to lead to advances in our world so that when students read an article or 
watch the news, they understand this relationship between science and 
our future, as a society. (interview, May, 29, 2013) 
Her understanding about this aspect of the NOS is entwined with her 
understanding that scientific knowledge is based on empirical evidence. During 
one observation (May 3rd 2013), she called students' attention to the idea that 
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"science differs from other ways of knowing through use of evidence (NGSS, 
2013)." 
I'm not going to discuss religion because this is not CCD class. This is a 
science class. So we are going to talk over the scientific theory of 
evolution. We're going to talk of the process of evolution. We're going to 
talk about the process of evolution that we have evidence for. 
She used historical examples to show how important evidence is in science. 
Darwin did not rush to publish his findings because he had anxiety over 
publishing his book because his theory disagreed with the belief of the 
day. He did it because he heard that there was someone else with a 
competing theory and they both submitted their works. Darwins' theory 
won because he had the most evidence to support his theory. He had very 
good science behind it, which is why we talk about Darwin and not the 
other guy. (observation transcript, May, 3, 2013) 
During this observation, she also called students' attention to the idea that 
"science includes the process of coordinating patterns of evidence with current 
theory (NGSS, 2013)." 
The reason we study evolution is because it helps scientists understand 
fossils. For example, when they find a skull, very deep in the earth, they 
use the theory of evolution to compare where the fossil fits in life's 
history. Scientists also apply the theory of evolution to understand things 
in our lifetime, such as why there are some strains of bacteria that we 
cannot treat anymore because they don't respond to antibiotics anymore. 
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So scientists apply it to current evolution and it applies to you. 
(observation transcript, May, 3, 2013) 
In planning to teach science, Mel is motivated by the AAAS's (1989) goal for all 
students to be scientifically literate. She believes that understanding science has 
important implications for students' futures, not because she believes they will 
all choose careers in medicine or scientific research, but because they will read 
about advances in technology, genetics, and other fields and then, need to make 
informed decisions based on the information that is presented to them. 
In her teaching about this aspect of the NOS, Mel uses real world 
examples. During her interview (May 29th 2013), she provided an example of 
how she does this: 
I try to find an article per large topic. For example, when we did 
photosynthesis, I used a picture of a snail that has symbiotic algae living 
on it such that the snail can photosynthesize and make some of its own 
food. I try to find articles that are pertinent to what we are learning to 
teach kids how to read journal articles and to think critically about how 
the science fits in our world. Then, I have time for discussion. 
She also shows the video "Cracking the Code" as an example of how scientific 
knowledge, which is based on evidence, helps to understand the world. 
I show the clip about Tay-Sachs disease. While most of us walk around 
with small changes to our DNA, it is the case that, in the wrong location, 
this is what can happen. Thanks to advances in technology and science, 
142 
we can see that 1 change to the sequence of nucleotides can result in this 
disease. (interview, May, 29, 2013) 
In regard to using lab activities in the classroom, Mel explained: "We want 
students to learn the procedures but we also want them to do more practical 
application of the knowledge that they learn to know how the process can be 
used in real life (interview, May, 29, 2013)." In this example, Mel also recognized 
that science is "both a body of knowledge that represents our current 
understanding of the world and the processes used to advance that knowledge 
(NGSS, 2013)." 
Consists of a variety of methods. Mel understands science uses a variety of 
methods. She demonstrated this in her questionnaire response, her interview 
comments, and in her teaching. In her questionnaire responses, Mel explained, 
"scientific investigations begin with a question (NGSS, 2013)." She also 
recognized that "scientists use different ways to study the world (NGSS, 2013)." 
In her description of a good experiment, she described components of 
experimental, controlled methods including testing one variable; however, she 
also recognized that "research doesn't have to have a hypothesis if its purpose is 
to provide data/background information for future experiments in the 
exploration of scientific principles (questionnaire)." 
There is evidence that Mel does not believe that the scientific method is 
the only way of doing science. For example, in teaching about this aspect of the 
NOS, Mel calls students' attention to the misconception that the scientific method 
is the only way that science is done: "I tell students that the scientific method is 
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not really how science is done (interview, May, 29, 2013)." In the following 
example, Mel summarized what she tells students about the scientific method: 
I tell them that we teach the step by step process when students are 
starting to learn how to do science because it provides some order so they 
do, in fact, test their question so that the data will be reliable. But, I tell 
them that this is not how most scientist's work. In the real world of 
science, there are multiple experiments going on. I use a loop diagram to 
show them that the process is not linear. (interview, May, 29, 2013) 
Mel did not recognize descriptive or other methods of doing science in her 
teaching. 
Is a human endeavor/open to revision. Mel's questionnaire responses show 
that she holds a mixed view of science as a human endeavor. For example, she 
understands that creativity and imagination play a role in the development of 
scientific knowledge. 
I believe that creativity and imagination have the greatest role in planning 
and design. We would not have the technologies or medicines we have 
today if scientists did not take novel approaches to solving problems. 
(questionnaire) 
However, she limited the role of creativity and imagination in developing 
scientific knowledge to the planning and design stage. 
In testing, there should be few liberties taken or the results will not be 
valid. Data collection and analysis need to be rigorous so that results can 
be reproduced. (questionnaire) 
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Yet, in the same response, she explicitly called attention to science as a human 
endeavor. 
Too much creativity during data collection for example could introduce 
more subjectivity in science than is already inherent in the human nature 
of it. (questionnaire) 
In this case, it appears that Mel likens creativity during data collection to 
falsifying data and invalidating the experiment. 
In her teaching, she explicitly called students' attention to the influence of 
inference on scientific findings. 
We do not have videos of evolution happening when dinosaurs were 
walking around. So we have to take evidence that we find and we have to 
make inferences from some stuff that we know. So, if you can find x, what 
would you infer? (observation transcript, May, 1, 2013) 
I'm giving you this evidence on evolution, which is based on a lot of 
inferences. That is what scientists actually do when they find evidence; 
scientists make inferences. (observation transcript, May, 1, 2013) 
And, to the role that controversy plays in the development of scientific 
knowledge. 
Not all biologists agree on a definition for species. There is a commonly 
accepted definition. If any of you decide you want to major in biology, 
you may learn a different definition because there are a few definitions for 
species. We will talk later about why there are exceptions to this 
definition. Scientists are just finding more exceptions to this rule and so 
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that's why we use this for now until they come up with just one, based on 
evidence, that everyone accepts. (observation transcript, May, 1, 2013) 
During her interview (may 29th 2013), she demonstrated that she understands 
that science is a collaborative effort. She likened the collaborative nature of 
science to that of a "team effort" and explained that "the idea of comparing work 
to another scientists' work is not something that students understand." The 
following example shows that Mel created opportunities for students to 
collaborate in developing scientific knowledge in the classroom. 
I want you to see feedback from other groups so if you do not agree with 
the other group, it is ok but you have to write your answer down and 
share that with everybody. Then, we will decide which answer is the most 
accurate and discuss the feedback. (observation transcript, May, 23, 2013) 
She also calls students' attention to the idea that scientists rely on human 
qualities including persistence. 
They need to learn that instant gratification is not something that occurs 
an · of the time. If they want it, I tell them that science is not for them 
because scientists may ask the same question for 10 years but they keep at 
it because they learn something with every experiment and they know 
that there is more to understand about a phenomenon. (interview, May, 
29, 2013) 
During one observation (May 1st 2013), she used Darwin as a historical example 
to call attention to the idea that people of various backgrounds have practiced 
science for a long time . . 
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Darwin was born in the 1800s, he sailed on a ship called Her Majesty's 
Ship The Beagle for five years. He made a lot of observations and he 
frequently collected evidence, including various fossils, insects, etc. He 
also read a lot while he was on the ship. He didn't just read other 
biologists' books. In fact, Darwin wasn't actually a trained biologist. But, 
he was a very keen observer. He not only read scientists' work, he also 
read those of economists, sociologists, etc. He applied some of those ideas 
to his theory of evolution. 
Mel understands that culture and society influence science. 
Without a doubt culture influences science! Each culture has its own set of 
problems to solve so it's going to set its priorities for scientific research, 
particularly if there are limited funds. One culture may value solving the 
hunger crisis more than global warming or reproductive science. Other 
cultures may take different view. In the end, it is typically the needs of the 
people that are a part of that culture that very often drive what scientific 
research is done. Someone may wonder why a culture such as ours spends 
so much money researching rare diseases that may affect/kill only a few 
people per year but, if most members of one culture value every human 
life versus benefiting the most people, then the direction of research 
would change. (questionnaire) 
Mel's understanding about science as a human endeavor is entwined with 
her understanding of scientific knowledge as tentative. She explained that 
"technological advances have influenced the progress of science and science has 
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influenced advances in technology (NGSS, 2013)," which encompasses ideas 
about both of these NOS understandings. 
Scientific knowledge changes as different findings, research, experimental 
results appear. In this age of rapidly advancing technology, we have the 
capability of testing things we couldn't even 20 years ago. Scientists 
constantly test what is known because we have better tools to confirm 
older findings. (questionnaire) 
In her teaching about the durable, yet tenta
1
tiVe nature of scientific knowledge, 
Mel"use(s) technological and scientific advances as examples (interview, May, 
29, 2013)." During her interview (May 29th 2013), she explained: "I discuss 
modern examples and constantly refer to the news or something that the 
students might catch on TV." She also uses historical examples to call students' 
attention to this aspect of the NOS. For example, she teaches about the history of 
the drug thalidomide to illustrate the NOS understanding that "problematic 
scientific explanations may be revised based on reinterpretation of new evidence 
(NGSS, 2013)." 
I explain that the original idea of how thalidomide worked was revised for 
its current use. It shows (students) that just because a scientific finding 
does not work for one application, there is scientific evidence behind such 
findings that can be applied to explain other phenomena. (interview, May, 
29, 2013) 
In teaching about the historical example of Darwin, Mel called attention to the 
idea that scientific explanations are frequently revised based on new evidence: 
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There are a couple of competing theories about why the dinosaurs 
disappeared. One is that there was this big asteroid that crashed into the 
earth and basically. I think it was one that it damaged a whole larger area 
the other is that it raised up a dust cloud that made it cold. The other is 
that there were a lot of volcanic eruptions at the time that were wiping out 
populations of dinosaurs. Some scientists actually think it might have 
been a combination of both such that dinosaurs were already 
disappearing and then there was this catastrophic event. (observation 
transcript, May, 3, 2013) 
Summary. Mel holds informed NOS understandings, which she 
demonstrated in her questionnaire responses as well as in her interview 
comments. In her teaching, Mel frequently made explicit statements about 
aspects of the NOS but she did not create many opportunities for students to 
discuss or practice doing science. The majority of Mel's teaching is lecture-based 
and her questions probe students to recall information more than to think 
critically about science. During her interview (May 29th 2013), she explained that 
she goes over material during lecture and then "expect(s) the students to be able 
to tie concepts together because (she) expect(s) (her) students to have an 
understanding that it's not just about remembering stuff but how it all relates to 
everything (they) are learning." She was deliberate in teaching test taking skills, 
which she described in the following excerpt: 
I reformatted the same questions ten different ways. First, I reworded the 
question, where I made the vocabulary briefer so that they understand the 
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concept but the vocabulary was getting in the way. Then, I reformatted 
the questions in different ways so that I can determine what it is that 
students don't understand: the concept, the vocabulary, how to 
summarize, the important information that's in the question, what the 
question is asking, etc. I do try to instruct them on how to take tests. 
(interview, May, 29, 2013) 
Cross Comparison 
The NOS views and teaching practices of the teachers in this study 
suggest both commonalities and differences between teachers with and without 
prior research experience. These commonalities and differences are described 
below. 
NOS Understandings. In their questionnaire responses and interview 
comments, teachers demonstrated consistent descriptions and historical and I or 
contemporary examples of particular aspects of NOS. For example, all 
participants affirmed that science is open to revision. As expected, differences 
emerged as participants' supported their understandings with personal 
examples from research experiences. It is important that teachers were able to 
draw upon personal experience; that their understandings of the NOS did not 
just develop as an academic or theoretical understanding, but also as a practical 
understanding that emerged from direct experience. 
Evidence of the largest differences in views between teachers with and 
without authentic scientific research experience was found in views of scientific 
knowledge as empirically-based and in science as a way of knowing: 100% of 
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teachers with research experience held these views whereas teachers without 
research experience demonstrated mixed views. 
Empirically-based. Table 16 presents the results of the participants' views 
of scientific knowledge as empirically-based. All teachers with authentic 
scientific research experience agreed that empirical evidence is necessary to 
support claims in science. Two teachers without research experience did not 
comment on this aspect of the NOS in either their questionnaire responses or 
their interview comments. 
Table 16 
Teachers' views of science is empirically-based 
NOS aspect Subcode 
Empirically Yes 
based 
No 
Total (n = 12) 
Total Total % 
10 83.3 
2 16.7 
Grohlfl frequencies 
Wit . Within 
research non-
group research 
1.0 
0 .33 
Way of knowing. Table 17 presents the frequency of responses among 
teacher groups for understanding science as a way of knowing. All of the 
teachers with research experience demonstrated accurate views of "science is a 
way of knowing." These teachers made explicit references to the use of skeptical 
review and logical arguments. These teachers are motivated to teach this aspect 
of the NOS because it is important that their students use science as a tool to 
understand the world, make informed decisions about health and wellness, and 
participate in a democratic society. 
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More then half of teachers without research experience also made explicit 
references to the use of skeptical review and logical arguments. The other two 
teachers without research experience did not comment on this aspect of the NOS. 
Rather, they saw science simply as content and the scientific process that 
students needed to learn for standardized tests. 
Table 17 
Teachers' views of science is a way of knowing 
NOS 
aspect 
Subcode 
Way of Yes 
knowing 
No 
Total (n = 12) 
Total Total % 
10 83.8 
2 16.7 
Group frequencies 
Within Withil1 
research non-
group research 
1.0 
0 .33 
Open to revision. All of the participants indicated that scientific knowledge 
is open to revision in light of new evidence (Table 18). Participants' explicitly 
referred to the inability of science to prove anything absolutely, only disprove, 
because all knowledge is subject to change. No participant regardless of 
background considered absolute scientific knowledge a reality of science. 
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Table 18 
Teachers' views of the tentative nature of science 
Total (n = 12) 
NOS aspect Subcode Total Total % 
Open to Yes 12 100 
Revision 
No 0 0 
Group frequencies 
Within Within 
research 
group 
1.0 
0 
non-
research 
0 
Uses a variety of methods. Table 19 shows that fewer than half of the 
participants (5) affirmed the use of a variety of methods to do science. Four of 
these participants stated qualitative methods are more subjective than 
quantitative methods. For example, Meg used "soft science" to indicate 
qualitative research and the resulting data are subjective. Similarly, Mel referred 
to qualitative research as "basic" in that it provides background information, 
upon which experimental methods may build knowledge. Seven of the 
participants indicated that they only teach the scientific method as how science is 
done. 
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Table 19 
Teachers' views of science uses a variety of methods 
Total (n = 12) GrouE freguencies 
Within NOS Subcode Total Total Within 
aspect % research non-
group research 
Variety Yes 1 .17 .17 
of 
methods 
Somewhat 4 .24 .33 .33 
( quant>qual.) 
No 7 .58 .5 .67 
(sci. method) 
Human Endeavor. Human endeavor was characterized by two criteria: 
creativity and socio-cultural embeddedness. Two aspects of science as a human 
endeavor were frequently addressed. These were the role of creativity in science 
and the socio-cultural influences on science. Table 20 presents the frequency of 
responses for both groups of participants to the role of creativity and the socio-
cultural influences on science. Eleven teachers in this sample claimed creativity 
had some role in science. Four of these eleven participants indicated creativity 
was involved in all phases of the scientific endeavor and recognized the role that 
interpretation plays in science. The other seven participants in this group limited 
the role of creativity to the planning and designing stage. 
Five participants stated that methods of scientific investigation and 
reasoning processes are influenced by the society and culture in which the 
science is practiced, which is another element of science as a human endeavor. 
Although Meg has not participated in authentic scientific research experience, 
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her view of this aspect of NOS is influenced by her views of international science 
education and the differences that she has seen in how science is conducted in 
different countries. Seven participants indicated science is ideally universal. They 
indicated that, regardless of the investigator and his/her location, the products 
of science should be the same. 
Table 20 
Teachers' views of science as a human endeavor 
Total (n = 12) Grthln freguencies 
NOS aspect Subcode Total Total Wi . Within 
% research non-
group research 
Creativity Yes 4 .33 .5 
Somewhat 
(initial 7 .58 .5 .67 
stages 
only) 
No 1 .17 0 .17 
Socio-cultural Yes 5 .42 .33 .5 
embeddedness 
No 7 .58 .67 .5 
Teaching NOS. In teaching, the teachers with ASRE engaged their 
students in doing important scientific work that addressed three of the core NOS 
ideas and their application. The most frequently addressed NOS idea was that 
scientific knowledge is based on empirical evidence. To promote students' 
understanding of science as empirically based, some of these teachers used 
examples from the history of science, which illustrated the use of empirical 
evidence in supporting scientific explanations. Other teachers with ASRE 
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presented students with socio-scientific issues and required them to support 
their beliefs using empirical evidence. They frequently gave students explicit 
instructions to base their arguments on empirical evidence, not on emotion or 
opinion, thereby addressing the NOS idea that science is a unique way of 
knowing in its use of empirical evidence. There is evidence that these teachers 
focused students' attention on the relationships among scientific ideas, evidence, 
and procedures. These lessons also serve as evidence of these teachers 
connecting two core NOS ideas through their teaching practices: scientific 
knowledge is based on empirical evidence, and science is a way of knowing 
about the world. 
In their classroom teaching, teachers with ASRE also addressed the core 
NOS idea that science is a human endeavor. They engaged students in active 
struggles with core scientific concepts. They believed that students learn the idea 
that scientific knowledge is the result of human endeavor, collaborative efforts, 
and hard work. These teachers focused students' attention on the core NOS idea 
that science affects everyday life. Evidence from interviews confirms that their 
research experiences motivate them to teach this aspect of NOS. 
In comparison, teachers without ASRE focused students' attention on 
practicing science procedures and recalling information that the students had 
learned. Meg was the only teacher without authentic scientific research 
experience who cultivated a classroom culture in which students used empirical 
evidence to support their claims. Although other teachers' demonstrated 
convictions toward science as empirically based through their questionnaire 
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responses and interview comments, they did not create opportunities in the 
classroom for students to support their beliefs with evidence or to think critically 
about the role of evidence in science. This was due, at least in part, to the types of 
problems and questions that they presented to students, which did not require 
more than recalling information. If teachers are deliberate in how they design 
their lessons, then this is evidence that research experience elevates the level of 
critical thinking teachers plan for in the classroom. 
Although there was evidence that teachers with ASRE, who used a variety 
of research methods, were less likely to teach the stepwise scientific method, the 
majority of this sample of teachers acknowledged the scientific method in their 
teaching. These teachers were more likely to teach the scientific method than 
they were to teach that science uses a variety of methods to investigate the world, 
which is a cornerstone of NOS. There is evidence that all of the teachers with 
authentic scientific research experience focused students' attention on scientific 
inquiry skills including asking testable questions, making observations, 
analyzing data, and replicating results. Overall, their teaching was aimed at 
engaging students in scientific inquiry more than teaching students why science 
uses an inquiry-oriented approach to advance scientific knowledge. Four of the 
five teachers who did not teach the stepwise procedure known as the scientific 
method equated non-experimental methods and the resulting qualitative data 
with subjectivity, lack of validity, and even described it as "soft science." Their 
teaching showed a preference for experimentally controlled methods and 
quantitative data because they believe it is objective, valid, and real science. 
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There was evidence that the one teacher, who had experience with a variety of 
research methods, connected science and a variety of methods in her teaching. 
Summary 
As a group, teachers with ASRE demonstrated broader, more accurate NOS 
understandings compared with teachers without ASRE. Whether or not teachers 
participated in ASREs, their NOS understandings influenced their teaching 
practices. Teachers with broad and accurate views of the NOS were more likely 
to create learning environments, which reflected how science and scientists 
work. In comparison, teachers who particil?ated in ASREs, which were limited in 
type and scope, demonstrated limited NOS understandings and teaching 
practices that did not promote NOS understandings aligned with the NGSS 
(2013) . These findings support the contention that teachers' NOS understandings 
are necessary for teaching it and ASREs, which offer a comprehensive view of 
the NOS, may be one way to enhance teachers' NOS understandings and prepare 
teachers to teach NOS. 
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CHAPTER FIVE 
Discussion 
In this study, I examined teachers' views of the nature of science (NOS) 
and what they teach about the NOS in order to explore relationships among 
these views, what is taught, and teachers' scientific research experiences. I chose 
this topic because, for more than a decade, science educators, education policy-
makers, and science education documents have advocated the teaching of the 
NOS towards improving scientific literacy. The science education community 
continues to embrace this focus with the release of the Next Generation Science 
Standards (NGSS, 2013). Despite the continued emphasis on understanding the 
NOS as a goal for science education, evidence shows that the NOS is rarely 
addressed in an accurate and effective manner in classrooms (Herman et al., 
2013). Even when possessing an accurate understanding of the NOS, teachers 
may still neglect to teach the NOS (Lederman, 1999; Schwartz & Lederman, 
2002). This may be due to teachers' lack of authentic scientific research 
experiences (ASREs) (Schwartz et al., 2010). 
To investigate the influence of ASREs on teachers' NOS views and NOS 
instruction, I sought answers to the following three research questions: 
1. What influence, if any, does ASRE have on teachers' views of the NOS? 
2. What do teachers with and without ASRE teach about the NOS? 
3. How do teachers with and without ASRE link their NOS views to their 
NOS instructional practices? 
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Teachers' NOS Understandings 
As a group, teachers with ASRE demonstrated broader, more accurate 
NOS understandings compared to teachers without ASRE. The six teachers with 
ASRE demonstrated accurate understandings about four aspects of the NOS: 
science is a human endeavor, science is tentative, science is a way of knowing 
about the world, and science is empirical. In comparison, the six teachers without 
ASRE demonstrated accurate understandings of just one aspect of the NOS: 
science is tentative. 
Figure 1. Ratings of teachers' NOS understandings for teachers with and without ASRE. 
Human Endeavor I 
I I I 
Tentative 
I I I 
Variety of Methods 
I I T I 
Way of Knowing 
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Empirical 
I I J I 
0 2 3 4 5 6 
• without ASRE, Yes DWithout ASRE, No • ASRE, Yes o ASRE, No 
Figure 1. Ratings of teachers' NOS understandings for teachers with and without 
ASRE. This figure illustrates shows the ratings of teachers' NOS understandings for 
teachers with and without ASRE. Red shades represent teachers without ASRE. Blue 
shades represent teachers with ASRE. Darker shades represent broad and accurate 
understandings about each aspect of the NOS. Lighter shades represent limited and 
inaccurate understandings about each aspect of the NOS. 
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Linking views, research, and practice 
Analysis of participants' questionnaire responses, interview comments, 
and classroom observations revealed teachers' views about specific aspects of the 
NOS influence how they teach those aspects of the NOS. For example, teachers 
who demonstrated informed views about science as a way of understanding the 
world planned lessons around teaching students to use science to help solve 
socio-scientific issues and differentiate science from pseudoscience. For instance, 
AJ planned a lesson around environmental issues, Elyse planned a lesson around 
agricultural issues, and AJ and Dot planned lessons around medical issues facing 
citizens. 
In addition, teachers who demonstrated a deep understanding of science 
as a social practice in their interview comments enacted science-learning 
environments (taught with NOS) similar to scientific communities of practice. 
Student groups designed various parts of their investigations together and 
presented, explained, and defended their claims before their peers. In some 
classes, students revised their investigations before presenting again. 
When teachers, whether or not they participated in ASRE, demonstrated 
inaccurate or limited understandings about specific aspects of the NOS, their 
limited understandings were reflected in their teaching practices. For example, 
the majority of teachers demonstrated limited views of the variety of methods 
used in science. In teaching, these teachers organized lessons around teaching the 
stepwise scientific method and did not call students' attention to other ways of 
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doing science such as descriptive methods, thus conveying a limited view of the 
NOS. 
In addition, teachers who did not demonstrate deep understandings about 
the human aspect of the scientific endeavor did not create social learning 
environments. Rather, their students worked alone or in groups in order to share 
limited resources (e.g., lab materials) to produce prescribed laboratory reports. 
Despite evidence that teachers' NOS understandings influence their 
teaching practices, whether or not they participated in ASRE, holding informed 
views of the NOS does not guarantee it will be taught. Table 21 shows some 
teachers taught the NOS and others did not, whether or not they participated in 
ASREs and demonstrated informed views of the NOS. The teachers who taught 
the NOS did so by acquainting students with the scientists, ideas, politics, and 
other forces that shape the scientific enterprise to provide students with a 
glimpse of what science might be like if they were to become members of a 
scientific community. AJ, Dot, Iris, Elyse, and Meg engaged students by using 
inquiry activities, historical and contemporary examples of authentic science, 
meaningful discussions and argumentation with students, real world 
applications of science in the classroom, and questions for deeper understanding. 
They engaged their students in doing important scientific work that focused on 
core scientific ideas and their application to develop conceptual understanding 
rather than spending large amounts of time practicing scientific procedures. For 
example, Dot had students grapple with genetic testing and Iris had students 
building a case for evolution. 
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In comparison, other teachers, whether or not they participated in ASREs 
and demonstrated accurate views of some aspects of the NOS, were more likely 
to have students practicing problems and recalling information they had learned 
before. During their interviews, these teachers spoke about being constrained by 
the curriculum and standardized tests, which necessitated their teaching 
students science content rather than engaging students in scientific practices to 
teach the NOS. 
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Table 21 
Teachers' NOS understandings, research, and practices 
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*Research Experience- (ASRE) =A Research Experience; (M.Ed.) = 
Masters degree in Education; (Sum) =Summer internship. **Methods- (C) = Combination 
of experimentally controlled and descriptive; (Exp.) =Experimentally controlled; (Descrip) = 
Descriptive. ***NOS Understandings = (Y)- Broad, accurate understanding; (S)- Somewhat 
limited understanding; (N)- Limited, inaccurate understanding. 
These results suggest that ASRE alone is not enough to ensure that 
teachers hold complete NOS understandings and that they teach the NOS. There 
may be elements of ASREs, which limit the development of teachers' broad and 
accurate NOS understandings. Teachers with ASRE who only used 
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experimentally controlled methods demonstrated limited understandings about 
the variety of methods used in science such that they did not recognize other 
methods including descriptive. Teachers with ASRE who mainly used 
experimentally controlled methods but did participate in some descriptive 
research held hierarchal views of experimentally controlled versus descriptive 
methods and quantitative versus qualitative data. One teacher with ASRE who 
primarily participated in descriptive research was the only teacher who held a 
broad, accurate view of the variety of methods used in science. There may also be 
elements of ASREs and other science learning experiences, such as cultural 
differences in science education, which support the development of NOS 
understandings that facilitate teaching practices aligned with the NGSS (2013). 
Limitations 
The limitations of this study include the qualitative nature of the data and 
the sample size, the modifications made to the original instrument, and the 
nature and timing of the classroom observations. The qualitative nature of the 
data and small sample size may limit the generalizabpity of the data; however, 
the in-depth nature of the study provides a rich context for more quantitative 
studies. 
Due to modifications of the VNOS-C instrument, some of the aspects of 
the NOS were not as heavily probed as others. These changes were made in 
order to gather additional data about teachers' NOS conceptual understandings 
and NOS teaching practices (pedagogy) within the classroom. Since the 
modification of questions affected all teachers, the overall depiction of the NOS 
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remained constant across the entire study. 
Finally, due to the nature and timing of the classroom observations, 
observing NOS instruction for one topic across all of the classrooms was not 
possible. The issue was mitigated as much as possible by giving teachers just 
four science topics to choose from for observations. Ideally, all participants 
would have been observed teaching one topic to compare teachers' NOS 
implementation in the context of a single topic. 
Implications for Theory and Practice 
This study supports the idea that teachers' views of the NOS influence 
their NOS teaching practices. Whether teachers participate in ASREs or other 
science learning experiences, this study suggests that teacher educators and 
professional development programs may need to make their students aware of 
their accurate views of the NOS and draw their students' attention to reasons 
why they need to implement effective NOS teaching practices. 
One way teachers may enhance their view of the NOS is by participating 
in authentic scientific research as members of scientific communities. Once 
teachers' views of the NOS are aligned with the NGSS (2013), then these teachers 
will be in better positions to incorporate the NOS into their teaching in a way 
that teachers who have not participated in ASREs cannot. However, if the ASREs 
themselves offer limited, inaccurate experiences with the NOS, teachers may 
hold limited views of NOS. To put teachers in better positions to teach about the 
NOS, teacher education programs and professional development opportunities 
may need to engage teachers in two parts: (1) situate teachers in scientific 
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communities including ASREs and (2) prompt teachers to reflect on what it 
means to teach about the NOS and on whether or not the lessons they plan and 
implement accurately develop students' understandings of the NOS. 
Future Research 
This study could be expanded to include some direct instruction 
intervention. Would direct instruction of NOS affect these teachers' classroom 
practices? Is there a minimal amount of direct NOS instruction required to 
positively affect classroom practices relating to the NOS? Another study would 
examine the students' NOS understandings in the classrooms of teachers that I 
observed with and without ASREs. A larger study of teachers from different 
cultures could examine the influence of culture and science education on 
teaching the NOS in public high schools in the United States. In addition, an 
investigation into the reasons why some teachers feel constrained by the 
curriculum and standardized tests such that they do not teach the NOS while 
others do not feel these constraints and teach the NOS may reveal important 
factors for increasing the likelihood that all teachers will teach the NOS. Finally, a 
study of how teachers' understand the NOS in the NGSS (2013) may help 
understand why only five understandings of the NOS emerged from the data in 
this study and why the other three understandings did not. 
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Appendices 
A. Email Invitation to science teachers in Massachusetts Public High Schools 
Hello! 
My name is Meghan Moriarty and I am a doctoral student at Boston University. I 
am inviting you to participate in research I am conducting to better understand 
how science teachers' scientific research experiences relate to their classroom 
practice. 
I am asking current science teachers to answer a few screening questions to 
determine if you qualify for this study. The survey should only take 5-10 
minutes. Your responses will be confidential. 
The link to the short online survey is here: 
htt12s: // www .surveymonkey .com/ s /2HWX8K9 
If you qualify for this study based on your answers, I will contact you to: 
l.Complete a questionnaire that will take approximately 35-45 minutes. 
2.Perrnit me to observe them teaching three science classes. 
3.Speak with me by phone or in person briefly after each observed class. 
4.Permit me to interview them. The interview will be audio taped and will take 
approxi:qlately 45 minutes. 
This study is completely voluntary. Participants can elect to withdraw from the 
study at any time without penalty. Compensation for your time is $50 upon 
completion of the research. 
If you have questions, comments, or any concerns about this study, please email 
Meghan Moriarty, megmor@bu.edu or Donald DeRosa, donder@bu.edu. You 
may also call the BU CRC IRB office at 617-358-6115. 
Thank you for your time and consideration! 
Meghan Moriarty, EdD Student 
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B. Email Reminder to science teachers in Massachusetts Public High Schools 
Hello! 
This is a reminder that I am a doctoral student at Boston University doing a 
study of science teachers in Massachusetts to better understand how science 
teachers' scientific research experiences impact their classroom practice. 
I am asking you to participate in a short online survey. The survey should only 
take 5-10 minutes. You responses will be kept confidential. 
The link to the survey is here: 
https:/ /www.surveymonkey.com/s/2HWX8K9 
If you qualify for the study based on your answers, I will contact you. 
Thank you for your time. 
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C. Handout for recruiting participants via word of mouth 
Meghan Moriarty is a doctoral student at Boston University. Meghan and 
Professor Don DeRosa are recruiting public HS science teachers in MA for a 
study about science teachers' scientific research experience and teachers' 
classroom practice. 
They aim to enroll both science teachers with and without authentic scientific 
research experience, typically characterized by gathering and analyzing scientific 
data alongside other scientists. 
This study is completely voluntary. There are no risks associated with this study. 
Pseudo names will be used to report any findings. Participants can elect to 
withdraw from the study at any time without penalty. Compensation for 
participants is $50 upon completion of the research. 
Meghan is asking current science teachers to answer a few screening questions to 
determine if you qualify for this study. The survey should only take 5-10 
minutes. Your responses will be confidential. 
The link to the short online survey is here: 
h ttps://www.surveymonkey.com / s/2HWXSK9 
If you have questions, comments, or any concerns about this study, please email 
Meghan Moriarty, megmor@bu.edu or Donald DeRosa, donder@bu.edu. You 
may also call the BU CRC IRB office at 617-358-6115. 
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D. Informed Consent for Non-Medical Research- Boston University 
Teaching the Nature of Science: The relationship of authentic scientific 
research experience and understanding the nature of science (NOS) on 
classroom practice 
You are invited to participate in a research study conducted by Meghan Moriarty and 
Professor Don DeRosa at Boston University, because you are a Massachusetts science 
teacher. Your participation is voluntary. You should read the information below, and 
ask questions about anything you do not understand, before deciding whether to 
participate. Please take as much time as you need to read the consent form. If you decide 
to participate, you will be asked to sign this form. You will be given a copy of this form. 
PURPOSE OF THE STUDY 
The purpose of the evaluation is to determine how science teachers' scientific research 
experiences relate to their views of the nature of science and their instructional practices. 
STUDY PROCEDURES 
If you volunteer to participate in this study, you will be asked to: 
l.Complete a background survey (approx. 5 minutes) to determine whether you meet 
certain criteria to participate in this study. 
2.Complete the VNOS-C Questionnaire (approx. 20-30 minutes). This instrument asks 
questions pertaining to your views about the nature of science (NOS). 
3.Be observed and/ or video taped teaching three biology classes. The primary intent of 
observation is to provide a context to how the nature of science is employed in your 
practice. During observations I will not be interacting with students. If you consent to 
be video taped while teaching, the video tape will be viewed by me and my advisor; 
the tape is not for public viewing. I will not be video taping your students. 
4.Speak with me by phone or in person after each observed and/ or video taped class. 
These brief discussions will last approximately 5-10 minutes. The primary intent of 
these is to discuss aspects of your teaching and the observed classes. 
S.Participate in a face-to-face interview with me (approximately 40 minutes) to discuss 
aspects of your scientific research experience, your views of science, and your 
instructional practice in depth. 
STUDY PROCEDURES - VIDEOTAPING 
I would like to videotape you during this study. I will not videotape your students. Only 
approved study staff will be able to see the tapes. The tapes will be stored for the 
duration of the research study. 
POTENTIAL RISKS AND DISCOMFORTS 
We do not foresee any risks or discomforts associated with participating in this research 
study. 
POTENTIAL BENEFITS TO PARTICIPANTS AND/ OR TO SOCIETY 
This research will help us determine the influence of different backgrounds on how 
science is portrayed by classroom teachers. The results could help us improve the 
preparation of future science teachers. 
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CONFIDENTIALITY 
Any identifiable information obtained in connection with this study will remain 
confidential and will be disclosed only with your permission or as required by law. The 
members of the research team and the Boston University Institutional Review Board 
may access the data. Information from this study and study records may be reviewed 
and photocopied by the institution and by regulators responsible for research oversight 
such as the Office of Human Research Protections, and the Boston University 
Institutional Review Board. The IRB reviews and monitors research studies to protect 
the rights and welfare of research subjects. 
When the results of the research are published or discussed at conferences, no 
identifiable information will be used. 
PARTICIPATION AND WITHDRAWAL 
Your participation is voluntary. You may choose not to be in the study or to stop being 
in the study or any part of the study at any time. 
INVESTIGATOR'S CONTACT INFORMATION 
If you have questions you can contact Meghan Moriarty (megmor@bu.edu or 508-223-
5608) and/ or Professor Don DeRosa (donder@bu.edu). You may obtain further 
information about your rights as a research subject by calling the BU CRC IRB Office at 
617-358-6115 
RIGHTS OF RESEARCH PARTICIPANT- IRB CONTACT INFORMATION 
If you have questions, concerns, or complaints about your rights as a research 
participant you may contact the IRB directly at the information provided below. You 
may obtain further information about your rights as a research subject by contacting the 
Boston University Institutional Review Board for Human Subjects Research at 617-358-
6115 or irb@bu.edu. 
fiGNATURE OF RESEARCH PARTICIPANT 
I have read the information provided above. I have been given a chance to ask 
questions. My questions have been answered to my satisfaction, and I agree to 
participate in this study. I have been given a copy of this form. 
N arne of Participant 
Signature of Participant Date 
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E. NOS Questionnaire 
Instructions: Please answer each of the following questions. Include relevant 
examples whenever possible. You can use the back of a page if you need more 
space. There are no right or wrong answers to these questions. Please do not 
use any outside sources of information to answer these questions. 
1. What, in your view, makes a scientific discipline such as biology and chemistry 
different from other disciplines of inquiry such as religion and philosophy? 
1. Describe an example of a good experiment. Explain what makes a good 
experiment. 
2. What is the role of experiments in the development of scientific knowledge? 
3. After scientists have developed a scientific theory, does the theory ever 
change? Explain. . 
4. If you believe theories change, why. do you teach them to your students? 
5. Imagine that two of your students are arguing over the role of creativity and 
imagination in developing scientific experiments: one student claims that there 
is no role for creativity and imagination while the other student claims there is. 
As their science teacher, they come to you and ask your opinion. What would 
you tell these students about the role, if any, of creativity and imagination in 
the development of scientific knowledge? 
6. If you believe creativity and imagination play a role in the scientific process, in 
which of the following stages do they play this role: planning and design, data 
collection, after data collection? 
7. It is believed about 65 million years ago the dinosaurs became extinct. Of the 
hypotheses formed by scientists to explain the extinction, two are widely 
supported. The first suggests that a huge meteorite hit the earth and led to a 
series of events that caused the extinction. The second hypothesis suggests 
massive and violent volcanic eruptions were responsible for the extinction. 
How are these different conclusions possible if scientists in both groups have 
access to and use the same set of data to derive conclusions? 
8. One of your students comes in and claims that science is infused by culture. 
The student claims that science in Russia, South Africa, and China is different 
from science in the US. Another of your students says that science, by 
definition, is universal, and is not influenced by culture. After class, the two 
students ask you for your personal view about science. What would you tell 
those two students about your personal view of the influence of culture on 
science? What would you tell the entire class about the influence of culture on 
science? 
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F. QUESTIONNAIRE Codebook 
This questionnaire has six questions, three of which have two parts. Each 
question is listed below. Following each question is an explanation of what 
aspect of the nature of science the question assesses. Because some questions also 
assess a misconception about the nature of science, I provided a description of 
the misconception, as well. For each question, a rubric is provided for coding the 
response either "yes," the response demonstrates an accurate understanding of 
the specific aspect of the NOS or "no," the response does not demonstrate an 
informed understanding or does not acknowledge the NOS. If you feel that 
adding the code "somewhat informed" for any question is necessary, please code 
it as such. 
1. What, in your view, makes a scientific discipline such as biology and 
chemistry different from religion and philosophy? 
Assesses- Teachers' views regarding science as a discipline to address questions 
about the natural world, the role of science in providing explanations for natural 
phenomena, and the role that empirical evidence plays in science that separates 
science from other "ways of knowing." 
Common Misconception - The use of the 'Scientific Method' as an objective 
process by which the knowledge is discovered. Often presented for how science 
differs from other disciplines of inquiry. 
l ore Informed Answers: · _Science uses empirical data and reason (Abd-El-Khalick et al., 2000). 
I_ Science uses many different techniques to solve problems and occasionally 
!develops new techniques for solving a problem (Abd-El-Khalick et al., 2000). 
! 
!Less Informed Answers: 
__ Science is not different from religion and philosophy 
Science is "proven" by evidence and solely based on observations (Abd-El-
!Kha"lick et al., 2000) 
Science is seeking the objective "truth" (Abd-El-Khalick et al., 2000) 
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2a. Describe an example of a good experiment. Be sure to explain what makes 
an experiment good. 
2b. What is the role of experiments in the development of scientific 
knowledge? 
Assesses: Teachers' views of investigative processes in science. Responses to #2a 
clarify teachers' ideas of "experiment," as often the term is defined differently. 
Question #2b is then interpreted in relation to the provided description of 
"experiment." #2b elicits responses regarding the existence of multiple methods 
of investigation (such as experimentation involving controlled variables, 
correlational studies, and descriptive investigations) that do not follow the 
traditional scientific method or set of pre-established logical steps requiring a 
testable hypothesis. #2b may also elicit views of subjectivity and creativity in 
science. 
!More Informed: 
6::: Scientific knowledge is empirically based, based on experimentation and 
observations r ·~- ~ Scientific knowledge may be developed through non-experimental methods 
~ding observational (making observations, collecting data, drawing I 
kn£erences) and descriptive techniques 
I A process of conducting a planned activity to test a hypothesis I t= It does not have to be the "scientific method" all the way through 
l ess Informed: 
An experimental method is the only valid method of scientific investigation 
i-- A science experiment is the execution of the scientific method to perform a 
!test to answer a science problem 
[
-Experiments are used to prove scientific outcomes rather than having to just! 
ccept something as fact I 
I 
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3a. After scientists have developed a scientific theory, does the theory ever 
change? 
3b. If you believe theories change, why do you teach them to your students? 
Assesses: Teachers' understanding of the tentative nature of scientific theories 
and reasons why science is tentative. Teachers often attribute change to 
accumulation of new observations or data and I or development of new 
technologies and they do not consider that reinterpretation of existing data from 
a different perspective. Views of the theory-laden nature of scientific 
investigations, the notion that the prevailing theories of the time impact the 
direction, conduct, and interpretation of scientific investigations, are assessed 
through their explanation. Responses often indicate views of the role of 
subjectivity, creativity, inference, and the sociocultural embeddedness of the 
scientific endeavor, as well as the interdependent nature of these aspects. 
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!More Informed: 
j ___ Must answer yes, theories change 
L_ Use words "suggest" and not "prove" 
!Explain Why? L There are inferred explanation, not an absolute truth (Chiapetta & Koballa, 
12004) 
I __ Theories survive tests but can't be positively justified. They can not be 
~established as true or even as probable; however they are durable due to 
'evidence (Popper, 1963) ~--Theories change due to paradigm shifts of the truth (Kuhn, 1970) 
I Scientific knowledge is tentative but durable. Science can not prove 
hing due to its inductive nature, yet the conclusions are valuable (McComas, j 
). I 
Theories form the framework for current accepted scientific knowledge 1 
ti(And-El-Khalick, et al., 2000) • 
...__:___ Science is tentative (AAAS, 1990) 
I 
jwhy bother to teach and learn theories? 
I b They are reliable and use observable evidence to explain the world around 
Ius (NSTA, 2000) It is a framework for current scientific knowledge (Abd-El-Khalick et al., 
12000) 
While theories are tentative and subject to change they are durable and 
reliable and accepted (AAAS, 1990; Abd-El-Khalick, et al., 2000; McComas, 2004; 
1NCR, 1996; NSTA, 2000; Popper, 1963). 
Less Informed: 
Theories may change. I Theories are educated guesses. 
I Theories never change. 
I 
!Explain Why? Accumulation of new facts and technologies (Abd-El-Khalick et al., 2000) 
Scientific claims are deductive and are proven to exist 
Theories are unsubstantiated ideas or "simple guesses" (Abd-El-Khalick et 
000) 
Scientific knowledge is based solely on evidence 
-; _Using words such as "proof" (Abd-El-Khalick, et al., 2000) 
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4a. Imagine that two of your students are arguing over the role of creativity 
and imagination in developing scientific experiments: one student claims that 
there is no role for creativity and imagination while the other student claims 
there is. As their science teacher, they come to you and ask your opinion. What 
would you tell these students about the role, if any, of creativity and 
imagination in the development of scientific knowledge? 
4b. If you believe creativity and imagination play a role in the scientific 
process, in which of the following stages do they play this role: planning and 
design, data collection, after data collection? 
Assesses teachers' views of the role of creativity and imagination in science, and 
the phases of scientific investigations at which teachers believe these aspects play 
a role. Often creativity is described relative to design only, and usually in regard 
to resourcefulness necessary to set up and conduct investigations. Respondents 
are less likely to recognize the role of creativity in question development, data 
analysis, and interpretation. Ideas of discovery verses created patterns are 
elicited. 
!More Informed: 
I __ Scientist work is highly creative and has subjective elements with the 
lhuman nature. The work is influenced by the person's experiences and 
!expectations (McComas, 2004) 1-- Creativity and imagination are necessary to create models (Abd-El-Khalick, 
et al., 2000; McComas, 2004) I All scientific knowledge is not obtained through direct observation (Abd- ,. 
iEI-Khalick et al, 2000) ~-- - -Creativity is a vital yet personal part of the production of scientific 
bowledge (NSTA, 2000) 1--Science is creative during the entire process, not just the idea or discovery 
(stages but also during the methodology (McComas, 2004) 
I Science uses creativity and imagination for the entire scientific process not 
~ust the idea (McComas, 2004) I Science uses creativity to interpret data and for using different methods to 
!solve problems (Abd-El-Khalick et al, 2000) 
Variety of methods can be used to solve problems (NSTA, 2000) 
__ Science uses visualization in the development ( Chiapetta & Koballa, 2004) 
__ Science is objective without human opinion 
__ The information found creates the patterns not the individual discovering 
them (Abd-El-Khalick et al., 2000) 
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5. It is believed about 65 million years ago the dinosaurs became extinct. Of 
the hypotheses formed by scientists to explain the extinction, two are widely 
supported. The first suggests that a huge meteorite hit the earth and led to a 
series of events that caused the extinction. The second hypothesis suggests 
massive and violent volcanic eruptions were responsible for the extinction. 
How are these different conclusions possible if scientists in both groups have 
access to and use the same set of data to derive conclusions? 
Assesses teachers' understandings of reasons for controversy in science when 
scientists use the same available data. Ideas of subjectivity, inference, creativity, 
social and cultural influences, and tentativeness are often elicited. Also, assesses 
teachers' beliefs about what influences data interpretation including personal 
preferences and bias (personal subjectivity) to differing theoretical commitments 
and impacts of social and cultural values. 
[
e Informed: 
Scientists can come up with different conclusions using the same data 
~ecause they are influenced by their context (experiences and expectations) 
I(NSTA, 2000) 
~Scientists can come up with different conclusions using the same data 
ibecause they are performed by humans and it is a human endeavor (AAAS, 
1 990) 
1 __ Two scientists may look at the same data and interpret it differently due to 
r experiences, knowledge, beliefs, and expectations. It must also be reviewed 
debated among their peers (McComas, 2004) 
Various frameworks which differ from scientists due to their educational 
kgrounds, training at jobs and their philosophical perspectives (Abd-El-
Khalick et al., 2000) 
Less Informed: 
' One person is wrong and interpreted the data incorrectly C Focuses on one scientist's inadequacies or differences (Abd-El-Khalick et al.,1 
!2000) . 
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6. One of your students comes in and claims that science is infused by culture. 
The student claims that science in Russia, South Africa, and China is different 
from science in the US. Another of your students says that science, by 
definition, is universal, and is not influenced by culture. After class, the two 
students ask you for your personal view about science. What would you tell 
those two students about your personal view of the influence of culture on 
science? What would you tell the entire class about the influence of culture on 
science? 
Assesses teachers' views of the impact of social and cultural values and 
expectations of the scientific endeavor. Naive views are often indicated by 
responses describing science as "value free" and stating that different cultures 
and belief systems do not impact the way science is conducted or the 
interpretation or use of scientific knowledge. Views of connections between 
sociocultural influences on science and subjectivity, creativity, inference, and 
tentativeness are often elicited. 
ore Informed: 
Science is influenced by society and cultural beliefs (NCR, 1996) 
Science is influenced socially and politically (AAAS, 1990) 
L_ Science is affected by society which includes social fabric, power structures, 
!politics, socioeconomic factors, philosophy and religion (Abd-El-Khalick et al, 
12000) 
IILess Informed: . 
Science is not influenced by culture, society, politics, etc. 
Science is universal; a universal language. 
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G. Semi-structured Interview Protocol 
1. A part of my interest is in speaking with teachers who have had scientific 
research experiences. Before we discuss the class this week, I want to ask you a 
few questions about your experience in scientific research. 
a.lt says on your survey that you worked on a project on INSERT 
PROJECT DESCRIPTION HERE. Would you tell me a little more 
about the project? 
b. What was the experience like for you personally? 
i.Probe- Was it positive, negative? 
2. Now that you are a science teacher, I am curious about what you think is 
important for your students to know about science? 
b.How has your research experience influenced how you view science? 
3. I am also interested in the link between your research experience and your 
teaching practice. How has your research experience influenced your teaching? 
a. Influence on the learning objectives you have for your students 
b. Influence about the instructional strategies 
c. Influence on how you assess student learning 
4. I had the chance to observe you in the classroom this week, and I saw a few 
things I found very interesting. I want to think about some of the choices you 
made this week. 
a. For example, I observed that you INSERT HERE. How did you 
make the decision to include this in your classroom? 
b. SECOND EXAMPLE 
c. THIRD EXAMPLE 
5. I'm interested in the link between your experience as a scientific researcher 
and your choices in how to teach science. How does your research experience 
influence your decisions to include these specific things such as MENTION TWO 
HERE in the classroom? 
6. So, we have discussed a few specific examples, but I also want to consider 
some of the patterns I noticed in your teaching. 
a. Example of a learning objective 
b. Example of an instructional strategy 
c. Example of assessment of learning 
7. OK, so we have discussed your experience as a science researcher, and some 
specific examples of how that experience has influenced your classroom 
teaching. As my final question, I want to know how your research experience 
influences your overall approach to teaching science? 
8. Before we close, is there anything else you would like to share with me about 
your research experience or your teaching? 
Thank you for your time 
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H. Post Observation Interview Questions 
How did this class go? Why do you think that? 
What was the main learning objective(s) for this lesson? 
How did you know learning was occurring in your classroom? 
I noticed that you conveyed the following aspects of the nature of science to your 
students: (insert aspects of the NOS observed). Was this your plan? Did I miss 
aspects of the nature of science that were conveyed during this lesson, which I 
forgot to mention or may have missed? 
What influenced how you taught this lesson? (Prompts: prior learning 
experiences; research experiences; current events; teacher workshops; textbooks) 
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I: INTERVIEW AND OBSERVATIONS CODEBOOK 
MAJOR THEMES DEFINED 
Domain Data Sources 
NOS Understandings- how scientific knowledge is generated and VNOS-C 
validated and the nature of the resultant knowledge. Questionnaire; 
Interview 
Classroom Teaching About NOS - explicit mention of NOS; Observations; 
Practices instruction aimed at helping students develop Interview 
understandings of the NOS. 
Examples: a. engagement with historical vignettes; b. explicit 
and meaningful discussions about elements of the NOS; c. 
reflective prompts that enable studenfs to reflect on their 
experiences and develop an understanding of the NOS . 
Teaching With NOS - implicit reference to NOS; Observations; 
embedding students learning about the NOS into inquiry Interview 
experiences that address student's interests and guiding 
problems or questions, preferably questions which 
students have some ownership; integration of inquiry 
skills. 
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CODING INSTRUCTIONS 
Please use the following codes to code all utterances related to the following codes in the 
interview transcripts. All utterances should be coded in "chunks" where meaning is a 
"chunk." 
l.Teacher's Experience with: 
a. Scientific investigations use a variety of methods 
b.Scientific knowledge is based on empirical evidence 
c.Scientific knowledge is open to revision in light of new evidence 
d. Scientific models, laws, theories, and mechanisms explain natural phenomena 
e.Science is a way of knowing 
£.Scientific knowledge assumes order and consistency in natural systems 
g.Science is a human endeavor 
h.Science addresses questions about the natural and material world 
2.Teaching with or about: 
a.Scientific investigations use a variety of methods 
b.Scientific knowledge is based on empirical evidence 
c.Scientific knowledge is open to revision in light of new evidence 
d. Scientific models, laws, theories, and mechanisms explain natural phenomena 
e.Science is a way of knowing 
£.Scientific knowledge assumes order and consistency in natural systems 
g.Science is a human endeavor 
h.Science addresses questions about the natural and material world 
3.Rationale for teaching science 
For example, the following utterance is an example of one teacher discussing his/her own 
research experience, which would be coded as la) "Experience with scientific 
investigations use a variety of methods." 
"I really liked the fact that there was kind of a mix of hands-on stuff out in the field with 
the plants and then the sort of genomics work at the lab bench when I was undergrad." 
Some of these teachers without research experience will not have many, if any, codes for 
"Experience with." That is ok and to be expected. Hopefully they will discuss why they went 
into teaching, which should be coded "Rationale for teaching science." 
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CODE BOOK 
Code 
a. Scientific 
investigations use a 
variety of methods · 
b. Scientific 
knowledge is based on 
empirical evidence 
c. Scientific 
knowledge is open to 
revision in light of 
new evidence 
d. Scientific models, 
laws, theories, and 
mechanisms explain 
natural phenomena 
Informed Understanding 
(NGSS, 2013) 
6. Scientific knowledge may be generated and validated using a 
variety of methods including experimentation involving controlled 
variables, correlational studies, and descriptive investigations that do 
not all follow the traditional "scientific method" or set of pre-
established logical steps requiring a testable hypothesis. 
7. New technologies advance sci. knowledge (revising and 
producing new knowledge) . 
8. Inquiry is characterized by a common set of values that 
include: logical thinking, precision, open-mindedness, objectivity, 
skepticism, replicability of results, honest and ethical reporting of 
findings. 
9. Scientific knowledge is based on empirical evidence, which can 
be gathered through observations or experiments. 
10. Scientists use common rules of evidence to evaluate 
explanations about natural systems; coordinate patterns of evidence 
with current theory. 
11. Scientists aim to use multiple lines of evidence to support an 
explanation. For example, an observation of honeybee behavior 
followed up by an experiment to confirm whether the observation 
was accurate. 
Scientific knowledge is durable but can be subject to change in light of 
new data as well as reinterpretation of existing data. 
Theories and laws provide explanation in science but theories do not 
become laws with time. 
Theories are explanations based on valid evidence, which means it has 
been repeatedly confirmed through experimentation and observation. 
Models and mechanisms for natural events are used as tools in the 
development of scientific theory. 
Laws state the relationship among observable phenomena. 
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Code Informed Understanding (NGSS, 2013) 
e. Science is a way of Science is both a body of knowledge that represents current 
knowing understanding of natural systems and the processes used to advance 
and revise this knowledge over time. 
There are other ways of knowing such as. 
Science differs from other ways of knowing through use of empirical 
standards, logical arguments, and skeptical review. 
f. Scientific Science assumes that natural laws operate today as they did in the past 
knowledge assumes and will continue to do so in the future. 
order and consistency 
in natural systems NOTE over time!!! 
g. Science is a human Scientific knowledge is a result of human endeavors, imagination, and 
endeavor creativity. 
Individuals and diverse teams of individuals contribute to the 
development of scientific knowledge. 
Scientists' backgrounds and theoretical commitments influence their 
findings. 
Society influences scientific advances; scientific advances influence 
society. 
h. Science addresses Not all questions can be answered by science. 
questions about the 
natural and material Ethical issues are raised in science, which science cannot answer itself. 
world 
Scientific knowledge indicates what happens in natural systems, not 
what should happen, which involves ethics, values, and human 
decisions about the use of knowledge. 
Many decisions are made and issues resolved based on science in 
conjunction with social and cultural contexts. 
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